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PUBLISHER'S PKEFACE. 

This work, now offered to the public, on 
the " Principles of Mechanism and Trans- 
mission," is taken from the work of the 
distinguished author on " Mills and Mill- 
work," which is large and expensive, and 
contains many details of MiUwork not 
entirely adapted to American practice. The 
great principles here given lie at the very 
foundation of the art of transmitting me- 
chanical power, and must prove of inesti- 
mable value to American mill-owners, me- 
chanics, and operatives. 

In the present volume Mr. Pairbaim 
gives the results of his very successful prac- 
tice as a Millwright and Engineer, during 
a period of half a century — a period which 
has contributed more than any previous one 
to the manufacturing industry of the world. 
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And as there is probably no department of 
practical science so generally useful, or per- 
haps so little studied, aa the machinery of 
transmission, the American publisher has 
great pleasure in placing within reach of 
the intelligent class for which it is intended, 
in a compact and comparatively cheap form, 
the author's rich and valuable experience 
on this important subject. 
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PRINCIPLES OP MECHANISM. 



I. QBNEBAL VIEWS RELATIVE TO MACHINES. 
Definitions and Preliminary Expositions. 

1. Mechanism may be defined as the combina- 
tion of parts or pieces of a machine whereby 
motion is transmitted from the one to the other. 

2. When a body, or any piece of mechanism, 
moves in a straight line it is said to have a 
rectilinear motion, and when it moves in a curved 
line it is said to have a curvilinear motion. When 
a point moves constantly in the same path, it is 
said to have a continuous motion, but if it moves 
backwards and forwards it is said to have a 
reciprocating motion. We may have reciprocating 
rectilinear nwtions as well as reciprocating curvili- 
near motions. 

If a body moves over equal spaces in equal 
intervals of time, it has a uniform motion; but if it 
moves over unequal spaces in equal intervals of 
time, it has a variable motion. 

2 (13) 
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14 PBINCIPLES OF MECHANISM. 

8. The velocity of a bodj is the rate at which it 
moves. In uniform motion the velocity is con- 
stant ; but in variable motion the velocity con- 
tinually changes. If the velocity of a body 
increase it is said to be accelerated, and if the 
velocity decrease it is said to be retarded. 

The motion of a body is said to be periodica 
when it undergoes the same chaoges in the sama 
intervals of time. 

4. In order to express the velocity of a body, 
we must have a certain number of units of space 
passed over in a certain unit of time. It is 
customary to take a foot as the unit of space, and 
a second as the unit of time. 

In uniform motion, the space passed over ia 
equal to the product of the velocity by the time. 
Thus, let s be the space in feet, I the time in 
eeconda, and v the velocity per second ; then 

which expresses the general relation of space, time, 
and velocity, in uniform motions. Any two of 
these elements being given the remaining one 
may be found ; thus we have 

v = j.-(2),andi=^-(3). 

5. If the velocity in one certain direction be 
taken as positive, th«n, that in the opposite or 
contrary direction will be negative. 
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GENERAL VIEWS. 15 

6^ If two wheels perform a revolution in the 
same time, their angular velocities are equal, what- 
ever may he the dimensions of the wheels. The 
angular velocity of a revolving wheel or rod is the 
velocity of a point at a unit distance from the 
centre of motion. The wheel or rod will revolve 
uniformly when the angular velocity is uniform. 
If A be the angular velocity, r the radius of the 
wheel or length of the rod, v the velocity at this 
distance from the centre of motion ; then 

A = -={!), andi; = A r .-(2). 

1. The motion of wheels iS conveniently ex- 
pressed by the number of rotations which they 
perform in a given time. Thus, let n be the num- 
ber of revolutions performed per min., the other 
notation being the same as in Art. 6 ; then 

^ = ^««r..,(U.nd« = ~...(2). 

Or substituting A for -- See formula (1), Art. 6, 

„ = ?2j?-...(S), „<1 i = -i,n...(4). 

Hence the number of turns performed in a 
given time varies as the angular velocity. 

The number of turns which two wheels respec- 
tively make in the same time is called their ayn- 
chronal rotations. Let Q and q be the synchronal 
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16 PEISCIPLK3 OF MECHANISM. 

rotations of two wheels whose angular velocities 

are A and a, respectively ; then — ^ - ; that is, 

synchronal rotations are in the ratio of the angular 
velocities. 

Mcampk. — Let a wheel whose radius is 6 ft. 
perform 50 revolutions per min., required Ist, the 
velocity of its circumference, and 2nd, its angular 
velocity. 

Here, by eq. (1), n == 50, and r = 6, then 

r = -^ X 3-141 6 X 50 X 6 = 31-416 ft. per see. 

And, by eq. (4), A = g^ X 8-1416 x 50 = 5-236. 

8. If v and v be the velocities of two parts of a 

piece of mechanism, then - is the velocity ratio of 

these parts. Let 3 and s be the corresponding 

spaces described in the same time, then when the 

motion is uniform 

V s 

— ^ — = a constant, 

that is, when the velocities are uniform, the velo- 
city ratio is constant. 

9, If the velocity ratio of the two parts remains 
constant, then however variable the velo cities 

themselves mav be, we still shall have - ^ - 

where a and s are the entire spaces described ii 
the same interval of time. 
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GENERAL T1EW3. 17 

10. When a body moves witb a variable motion, 
its velocity at any instant is determined by the 
rate at which it is moving at that particular 
instant, that is, by the space which it would move 
over in one second, supposing the motion which 
it then has to remain constant for that time. 

Variable motions may be graphically repre- 
iiK.1. sented, by taking the 

n abscissa of a curve 
equal to the units of 
time, and the ordinates 
equal to the units of 
the corresponding 
velocities. Thus let a 
B be equal to the units of velocity at the com- 
mencement of the motion ; A c the units in inter- 
val of time, c D the units in the corresponding 
velocity ; and so on ; then the area of the curved 
space A B D F B will be equal to the space described 
in the interval of time represented by A E. 

If the motion be uniform the curve B d p will 
become a straight line parallel to o x, and the 
space described in any given time will be repre- 
sented by the area of a rectangle, whose length ia 
equal to the units of time, and breadth equal to 
the units of velocity. 

If the motion be uniformly accelerated or re- 
tarded, the curve b d f will become a straight hne 
inclined to the axis o X, and the space described 
in this case, will be represented by the area of a 
2* 
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18 PRINCIPLKS OF MECHANISM. 

trapezoid, whose base is equal to the units of time 
and parallel sides respectively to the velocity at 
the commencement and end of that time. 

11. The parts of a Machine. — A machine 
conists of three important parts. 

(1.) The parts which receive the work of the 
moving power — these may be called kbcbivee3 
of work. 

(2.) The parts which perform the work to be 
done by the machine — these may be called WORK- 
INS PAKTS, or more simply, operators. 

(3.) The mechanism whicli transmits the work 
from the receivers to the working parts or opera- 
tors — these pieces of mechanism may be called 
COMMUNICATORS OF WORK, or the TRANSMISSIVB 
MACHINERY. 

The form of the mechanism must always be 
determined from the relation subsisting between 
the motions of the receivers and operators. 

If there were no loss of work in transmission 
(from friction, etc.) the work applied to the re- 
ceiver would always be equal to the work done 
by the operator. Thus, let p be the lbs. pressure 
applied to the receiver, and s the space in feet 
which it moves over in a certain time ; p the lbs. 
pressure produced at the working part, and a the 
space in feet which it moves over in the sam 
time ; then, neglecting the loss of work by friction 
we have — 
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GENERAL TIKWS. 19 

Work applied to the receiver = work done 
upon the operator, 

or pxs = PiXSi...(l). 
However, it must be borne in mind, that the 
actual or useful work done by a machine is always 
a certain fractional part of the work applied ; this 
fraction, determined for any particular machine, is 
called the modulus of that machine. If m be put 
for this modulus, then we have from eq. (1) 
m X p X s = Pi X Bi ... (2). 

In treating of the motion of these parts of a 
machine it is generally most convenient to find an 
expression for their proportional velocities. Thus, 
let V be the velocity of the receiver, and Vi that 

of the operator ; then — - is their velocity ratio. 
See Art. 8. 

It must be observed, that this velocity ratio is 
not at all effected by the actual velocities of the 
parts, provided the velocity ratio of the mechanism 
be constant for all positions. In the more ordi- 
nary pieces of mechanism (such as common 
toothed wheels, wheels moved by straps, levers 
etc.) the velocity ratio is constant, that is to say, 
it remains the same for all positions of the 
mechanism. 

In eq. (1) 3 may be taken as the velocity of the 
power p, estimated in the direction in which it 
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20 PRINCIPLES OF MECHANISM. 

acts, and s, that of the resistance Pi; then this 
equality becomes — 

PX V = FiXVi..-(3). 

P, V 

or, — - = -— = the velocity ratio ... (4). 

Now — is called the advantage gained by tha 

machine, or the number of times that the resist- 
ance moved is greater than the power applied. 
Hence the advantage gained by a machine, irre- 
spective of friction, etc., is equal to the velocity 
of the power divided by the velocity of the resist- 
ance, or the velocity ratio of the power and resist- 
ance. 

This is called the principle of virtual vehdtiea. 
Workmen express this dynamic law by saying, 
* What is gained in power is lost in speed." 

12. The DIRECTIONAL RELATION of the motion 
of the receiver and the operator admits of every 
possible variation. It may be constant or it may 
be variable. By the intervention of mechanism 
rectilinear motion may be converted into curvili- 
near motion, and conversely; reciprocating recti- 
linear or circular motion, may be converted into 
continuous circular motion, and conversely ; and 
so on to the various possible combinations of 
which the cases admit. These directional changes 
are so important, in a practical point of view, tliat 
some eminent writers on mechanism have made 
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GENERAL VIEWS. 21 

them the basis of the classification of mechanism. 
But, however eligible in a practical point of light 
such a classification may be, there is complexity 
in its application, which renders it less suitable 
for scientific purposes than that method of classifi- 
cation which is based upon the nature or mode of 
action of certain elementary pieces of mechanism 
which enter, more or less, into every mechanical 
combination. 



Elementary Forms q, 

13. In analysing the parts of a machine we find 
motion transmitted by jointed rods or links, by 
straps and cords, by wheels rolling on other wheels, 
and by pieces of various forms sliding or slipping 
on other pieces. Hence we have the following 
elementary forms of mechanism : 

(1.) Transmission of motion by jointed rods, — 
LiNK-WOBK. 

(2.) By straps, cords, etc., — ■VVkapping Con- 
NECT0R3. 

(3.) By wheels or curved surfaces, revolving on 
centres, rolling on each other, — Wheel-wohk. 

(4.) By pieces of various forms, sliding or slip- 
ping on each other, — Sliding-pieces, 

14. The velocity ratio, as well as the directional 
lelation, in an elementary piece of mechanism may 
be either constant or varying. The number of 
combinations of which these elementary pieces 
admit, is almost unlimited. The eccentric wheel 
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22 PEINCIPLKS OF MECHANISM. 

is a combination of sliding pieces and link-Work. 
The common crane is si combination of wheel- 
work, link-work, and wrapping connectors ; and 
BO on to other cases. 

A train of mechanism must be supported by 
some frame work ; the train of pieces being such, 
that when the receiver is moved the other pieces 
are constrained to move in the manner determined 
by the mode of their connection; Revolving 
pieces, such as wheels and pulleys, are so connect- 
ed with the frame that every portion of them is 
constrained to move in a circle round the axis ; 
and sliding pieces are constrained to move in 
straight lines by guides- 
Mechanism is to a great extent a geometrical 
inquiry. The motion of one piece in a train may 
differ, both in kind and direction, from the motion 
of the next piece in the series : these changes are 
effected by the geometrical construction of the 
pieces, as well as by their mode of connection. 
The investigation of the law of these changes con- 
etitutes one of the chief objects of the principles 
of mechanism. 



II. ON LINE-WORK. 

15. If a berit rod or lever a c B turn upon the 
centre c, the velocities of the extremities A and B 
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LINK WORK. 2d 

will be to each other in the ratio of their distuneea 
from the centre of motion c, that is, 

velocity A circum. cir. A Q, AC 

velocity B 




It is not necessary that the arms A c and B c 
should be in the same plane. Thus let c d be an 
axis ronnd which the arms a e and B r revolve, 
then, 

velocity A perpend, diat. a from the axis 
velocity B perpend, diat. B from the axia 



16. Let A B, B D, D E, be a series of levers turn- 
ing on the fixed centres c, Q, and R ; then when 
the arcs, through which the extremities A and b 
are moved, are small the velocity ratio will be ex 
pressed by the following equality : — 
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24 PRIKCIFLES OF Mi^CIIANlSM. 

Velo. A A C. B Q. D B 
velo. E B C, r Q. B B 

that 13 to say, the velocity ratio of p and Pi is found 
by taking the product of the lengths of the arms ly- 
ing tovmrd P, and dividing hy the p7vduct of those 
lying tovmrd F,. 

17. To find the velocity ratio of the rods A B and 
C D, turning on the fixed centres, A and D ; and con- 
nected by tlie link B C. 




Through the centres A and D, draw the straight 
line DBA, cutting B in E ; and from A and D let 
fall the perpendicular A o and D £ upon c B, or 
it may he upon c B produced. Then 
ang. velo, DC AG 
ang. velo. A B D K ^ 
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LIN'K WORK. 25 

tbat is to say, the angular velocities of the r^ds X> c 
and A B are la each other in the inverse ratio of the 
perpetidiculars let fall from their respective axes 
upon the direction of the link. 
Similarly we also have : 

ang. velo. DC A B 
ang. velo. A b d e ^ ' ' 
hat is to say, the angular velocities of the rods D c 
and A B are to each other in the inverse ratio of the 
segments into which the link divides the line Joining 
their axes. 

These velocity ratios are obviously varying, 
depending upon the relative positions of the rods. 
18. The Crank and Gkeat Beam. — Let a b 
represent one half of the great beann of a steam- 
engine, D c the crank, and b c the connecting rod. 
Putting 3 for the angle D c B, and jj for the angle 
ABC; then 

velo. crank sin 3, 
velo. beam sin 3 " 
When the connecting rod b c is very long as 
compared with the length of the crank d c, then g 
is nearly constant, being nearly equal to 90°, in 
this case, eq. (1) becomes 

velo. crank 1 

velo. beam sin 3 *" ^ ^' 
The crank must be in the same straight line 
with the connecting rod, at the highest and lowest 
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26 nUNCIPI.ES OF MECHAjriSM. 

points of the strolie of the beam, and then jj ^ 0. 
Iq these positions the crank is said to be at its 
dead points. 

The velocity ratio, expressed by eq. (2), will be 
a maximum when p ^ 0, that is, the velocity of the 
crank will be a maximum when it is in its dead 
points. When jJ = 90°, or when the crank is at 
right angles to the connecting rod, then the 
velocity of the crank in a minimum. 

IfR=:A B, or one-half the length of the great 
beam ; r = n c, the length of the crank ; and a = 
the angular oscillation of the beam, or the whole 
angle described by the beam in one stroke ; then 



which expresses the length of the crank in terms 
of the radius of the beam and angle of its stroke. 

A (ioubk oscillation of the beam produces one 
complete rotation of the crank, or conversely, taking 
the crank as the driver, each rotation of the crank 
produces a double oscillation in the beam. 

From eq. (1) it follows, that the velocity of the 
crank is equal to the velocity of the beam, when 
(3 ^ )j, or angle D c B is equal to angle A B c ; that 
is, when the position of the crank is parallel to 
that of the beam. 

By this form of tho crank the reciprocating circu- 
lar motion of the extremity of the beam is changed 
into a cmdiMuous circular motion ; and conversely 
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.ngcd into a 



a continuous circular motion in uiia 
reciprocating circular motion. 

19. To determine the variom relations of position 
and velocity of t/ie CRANK and piston in a locomo- 
tive engine. ~' ~ 

Here the connecting rod, 
D B, ia attached to the ex- 
tremity of the piston rod, 
P II, and (Ae tewjlh of the I 
stroke of the piston is equal 
lo double the length of the I 
crank, F B. Moreover, the [ 
centre, p, of the crank i 
tho same straight line with I 
the axis of the cyhnder or 
the direction of the piston 
rod. 

Let 1= D E, the length | 
of i.he connecting rod; 

l,^p D, the length of 
the piston rod ; 

r = F E, the length of- 
the crank ; 

i ^ p D, the varying dis- 
tance of the extremity of I 
the piston rod from the 
asis of the crank; 

/( = the cori-e.spondiri 
height of the stroke of the piston ; 

e=:the varying angle, FED, whioh tlie 
f(>rms with the direction of the cunnccting 



i 


V 
v 
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(1.) The vehc'dy ratio of the crank and piston ia 
expressed by the following equality ; 

velo. crank A 

— f — -. = - , - ■ -■ —(IX or 

velo. pialon ( sin e 

sia (J ^ ' 
where 3 in eq. (2) is put for angle E F D ; that ia, 
the angle which the crank makes with the direc- 
tion of the piston rod. 

This latter form of the expression is the same 
aa that given in eq. (2), Art. 18. 

(2.) When the piston ia at the bottom point of 
its stroke, its distance from p^pe + ED + DP 
^ r + I -\- li; also PD=iFB + DE = r + ^ 

When the piston is at the middle point of its 
stroke, then P d = s d; that is to say, in this 
position of the piston d k f will be an isosceles 
triangle. 

(3.) Uie position of the crank at any point of the 
stroke 1^ the piston is determined by the ttvo following 
general equations : — 

k = r+l~h...{i). 
_ 7' + P-{r+l-h) ' 



cos 9 = - 



rl 



When the piston is at the middle point of ita 
stroke, then ft := r, and eq. (4) becomes 

cosfl = ^-(5). 
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Wbea the craak 
connecting rod, s ^ 
eq.(4), 



at right angles to the 
, and then we find from 



h!...(6). 



This expression is, obviously, less than r, or 
half the whole stroke of the piston. Hence it 
appears that the crank is at right angles with the 
connecting rod, before the piston has attained the 
middle point of its upward stroke. 

20. Fig. 7 shows how a rotation of the axis a Is 
transmitted to another C, by means of the two 
equal cranks A B and c D, connected by the con- 
necting rod D B, whose length is j^^ ^ 
equal to the distance A c, between i 
the two axea. In all positions 
of the cranks, the figure a b c d 
will be a parallelogram, and the i 
velocity of d will ali^ays be c pal 
to the velocity of B and the mo- 
tion of the isis c w ill be exactly 
the same as thit ot the axis A. 

21. Two sets of crankn may be 
placed upon the axes h'i\mg the 
cranks on e^ch axis it ri^ht an- 
gles to eioh other similir to the 
mode of connecting the wheels of 
a locomotive engine, as shown in 1 
the cranks are formed by bending, or loops made 
in the axes. Those axes ranst be parallel to eacli 




where 
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other, and the connecting rods must alao be of 
equal lengths. 

The advantage of this combination consists in 
maintaining a constant moving pressure, by which 
means an equable motion is sustained without the 
aid of the inertiie of the machinery, 




22. The double universal joint, represented in 
fig. 9, fumiahes another example of link-work, 
for transmitting motion from one axis to another 
axis. This useful piece of mechanism should be 
constructed, so that the extreme axes, A B and c D, 
would meet in a point, if produced, and the angles 
which they respectively make with the central 
line of the intermediate piece, E F H Q, shall be 
equal to each other. 
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TO CONSTRUCT WATT 3 PARALLEL MOTION. 

23. This beautiful and useful piece of mechan- 
iam is formed by a combination of link-work. 



1. 10 and 11) be two 
1 centres A and D, and 



Let A B and c D (se 
rods, turning on the fi 
connected together by 
the short link c B; 
then when motion is | 
given to the rods, 
there is a certain 
point, E, in the link | 
c B, which will move, 
or very nearly move, in a straight line. In mat- 
ter of fact the path, or heus, of this point is a 
curve of the fourth degree; but when the motion 
of the rods is limited, and their lengths are con 
siderable, as compared with the length of their 
connecting link, this path becomes almost exactly 
a straight line. 
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In fig. 11, c B K R is a parallel frame of links; 
to the joint r is attached the piston rod r p of the 
steam engine; and to the point e is attached the 
piston rod of the air-pump. 

(1.) 7b find the. point E (see fig. 10) to which the 
air-pump rod must be attached, having given the 
radius rod C D, the link C B or Q G, and the rod A B 
or A Q forming a part of the great beam. 

Let D Q, A G be an extreme position of the rods. 
Let the rods be moved to the position a b o d, 
where the link c B is perpendicular to a B and 
D C. Produce B c, meeting the link Q G in the 
point B ; then E will be that point of the link which 
will most nearly move in a vertical straight line. 
The ratio of Q E to G B is generally expressed by 
the following equality: — 

(T sin ^, \ 
■ * / 
R sin ^ / 

where B^A B, r=DC, ((= angle c d q, and A ^ 
angle BAG. 

Practically the link Q G or c B deviates very 
little from the vertical; and the angles a and a are 

small ; hence, j* sin ^ ^ B sin ^ very nearly ; in 

this case, therefore, eq, (1) simply becomes 

y = "...(2); 
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and from this equality we readily find, 
D QXG Q 
" DQ + A Q ■ 

which givea the position of the point B, as re- 
quired. 

When D Q ^ A G, then a & = -^, that is to say, 

in this case, the point B is at the middle of the 
link Q G or C D. 

Example. — Let ABorAG^5 ft.; DCorDQ^ 
4 ft.; and c b or g q = 1-5 ft.; then by eq. (3) we 

4x 1-5 2 ^ 

GE=^-^ = 3ft. 

(2.) To find the length of the radhis rod D C (see 
fig. 13), when the divisions A B and B K, on the beam 
are given: 

In this case, 

.nq mil Ti n ^= 

B E 

When A B ^ B K ; then D c = A B ; that ia, in 
this case, the radius rod will be equal to tlie divi- 
sion A B on the beam. 

Example. — Let A B = 6 ft., and B K ^ 4 ft. ; then 
by eq. (4) we have, 

The radius rod, D c = -j- = 9 ft. 
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To r,mU-ply Oscillations by means of Link- work. 

24. Fig. 12 represents a system of links B A c, 

C i>, and D B, turning on the fixed centres A and E, 

and having the, arms A B and A c united to the 

aitne centre A. The construction is such, that 

while the rod A B 

makesasmjirfeos- 

I cillation from B 

I to I, the rod B D 

I willmakeatfowSfe 

I oscillation, viz., 

I from D to F, and 

I back from F to D. 

I The oscillations 

I of A B are pro- 

I duced by the ro- 

I tation of a crank 

I (see Art. 17), or 

I by any other 

I means. 

The conditions 

I of the construe- 

I tion may be stat- 

I ed as follows : 

Given the 

lengths of the 

ftnns A c and E D, the lengths or angles of thfir 

oscillations, and the length of the connecting link 

C D, to construct the mechanism, so that the rod 
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E D shail perfurm two oscillations wlillst A B 
makes one. 

Let B A c be the position of the b;;Qt lever at 
the commencement of the upward oscillation. 
Draw A I and a h, making the angles B A I and 
A H each equal to the angle of the oseillatioti. 
From A as a centre, with a b and a c as radii, de- 
scribe the arcs B i and C H, Through a draw a 
G F bisecting the angle c a H cutting the arc c h 
in o. On A G F take A P equal to the sum of the 
rods A c and c d, and make f d equal to the given 
length of the oscillation of e d. From d and f 
as centres, with a radius equal to the length of the 
rod B D, describe circles, cutting each other in E ; 
then E will be the centre of the rod E D, which 
will perform two oscillations, whilst the rod A B 
makes one. 

When A H and A c are in the middle points of 
their oscillations, the rod E D will have the posi- 
tion E P, that is, it will -have performed a complete 
upward oscillation. When A B and A c have per- 
formed the remaining halves of their oscillations, 
the rod e p will have returned to the original po- 
sition, that ia, it will have performed a complete 
downward oscillation. 

In like manner the oscillations may be further 
multiplied, by connecting E D with another series 
of links. 
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To produce a Vdocity which shall be rapidly 
retarded, by means of Link-work. 
25. Id fig. 13, R A c and E d represent two rods, 
turning on fixed centres A and E, and connected 
by a link c d; the rod K D is supposed to oscil- 
late uniformly between the positions E i) and E f. 
Now tlie constriiction is such as to produce a 
rapidly retarded motion of the rod E c in moving 




from the position B A to the position sab, and 
conversely. 

The conditions of the construction may be 
stated as follows : 

Given the rods E D and D in position and mag- 
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nitude, the angle of oscillation D E F, and the 
length of the rod a c, to construct the mechanism. 

Bisect the arc d f in g, and then bisect the arc 
F G in K ; through the points K and E, draw the 
straight line EEC; from D and K as centra?, with 
a radias equal to the length of the link D c, de- 
scribe arcs, cutting K E in the points c and B ; 
from B and c as centres, with a radius equal to the 
length of the rod A c, describe arcs cutting each 
other in the point A; then A will be the centre of 
the rod A c. 

When the rod E D arives at the position B a, the 
rod B A c will have the position sab very nmrly, 
and it will have moved with a rapidly retarded 
motion. During the remaining h^ of the oscil- 
lation G F, the rod SAB will remaio, virtually, 
stationary. 

This piece of mechaniani was first employed by 
Watt for opening the valves of the steam engine. 

To produce a Beciprocaling Inlermitient Motion by 

means of Link-work. 

26. A B and c d (fig. 14.) are two rods, turning 

on the fixed centres a and d, and connected by a 

link B c. The rod a b is made to oscillate between 

the positions A B and a i, by means of a crank 

and connecting rod. The construction of the 

mechanism is such, that the rod D c will oscillate 

between the positions D c and D F, but with an 

intermittent motion. 

4 
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The conditions of the construction may be 
stated as follows : 

Given the roda A B, B o, and c d in position and 
magnitude, to constract the mechanism. 




From A as a centre, with the radius A B, de- 
scribe the arc B l ; through c and A draw the 
straight line O A G, meeting the arc in a ; make 
G E equal to one third the arc G B, and on the arc 
take G I equal to G B ; on the line G A C take G P 
equal to B c ; then half the chord B i will give the 
length of the crank, and c F will be tbe arc 
tb rough whicb tbe rod D c oscillates. 

Bisecting the angle B A E, &e., tbe position of 
tbe rod d' c' is found, whicb being connected with 
B, by the link B o', will oscillate exactly in a con- 



,1 Google 



LtN'K WORK. 89 

trary manner to Uiat of the rod D c, tliat is to say, 
when D C is stationary d' c' will be in motion, and 
conversely. 

When the point B arrives at E, the rod D c will 
have completed, practically, its oscillation, and 
there it will remain stationary until the rod, turn- 
ing on the centre A, returns from the position A i 
to A E. 

Tlie Ratchet-wheel and Detent. 

27. In fig. 15, A represents the ratchet-wheel, 
and D the detent, falling into the angular teeth of 
the ratchet, thereby admitting the 
wheel to revolve in the direction 
of the arrow, but at the same time 
preventing it from revolving iu , 
the opposite direction. 

In certain kinds of machinery, j 
the action of the moving force un- 
dergoes periodic intermissions ; in 
such cases the ratchet and detent are used to pre- 
vent the recoil of the wheels, and sometimes to 
give an intermittent motion to the wheel, as in 
the following example. 

Intermitttnt Miiton producl ly Link-work connected 
uith a RaiJiet wheel. 

28. B E Is 1 rod, turning on the fixed centre B. 
to which a reciprocating motion is given by the 
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connecting rod c of a crank, or by any other 
means; K F is a click, jointed to the rod B B at its 
Fig. 18. extremity, and gives mo- 

tion to the ratchet-wheel 
At each upward stroke 
; of the rod B E, the click 
; E F, acting upon the saw- 
like teeth of the ratchet- 
i wheel, causes it to move 
round one or more teeth , and when the extremity 
F of the click is drawn back by the descent of the 
lever B E, it will slide over the bevelled sides of 
the teeth without giving any motion to the wheel, 
so that at every upward stroke of the rod c tlie 
ratchet-wheel will bo moved round and it will re- 
main at rest during every downward stroke of the 
rod. Thus the reciprocating motion of the con- 
necting rod, c, will produce an intermittent circular 
motion in the axis A. 



in. ON WEAPPIMG CONNECTOKS. 

29. When the moving force of the machinery ia 
not very great, cords, belts, and other wrapping 
connectors, are moat usually employed in transmit- 
ting motion from one revolving axis to another. 

30. The endkss cord or beU A B D, represented 
in figs. 17 and 18, passes round the wheels, A B 
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iind c B, revolving on tlie parallel axes r k and 
q F, and transmits motion from the axis Q f to the 
axis B K, with a constant velocity ratio. In all 
such cases the motion is entirely maintained by the 
friotional adhesion of the cord or belt to the sur- 
face of the wheel. 




When the cord passing round the wheels is 
direct, as in fig. 17, tbe motions of the wheels take 
place in the same direction, and when the cords 
cross each other, as in flg. 18, the motions of the 
wheels take place in opposite directions. 

If the wheel c d makes one revolution, then. 



No. rero. . 



eircnm. C D 
circnm. a b 



radius D 



■(!)• 



Or putting R and r for the radii of the wheels 
4* 
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c u and A B respectively, and Q and q for their re- 
spective ayachronal rotations, then 

Q R ^ ■* 

Example.— I? the radius of the wheel C D be 12 
inches, and that of a b 9 inches, what will he the 
least number of entire revoIutionB which they 
muat make in the same time ? 

Here, by eq. (2), we have 

tf R 12 4 



therefore the least number of synchronal rotations 
are 4 and 3, that is to say, whilst the wheel c D 
makes 3 rotations, the wheel A B will make 4. 

31. Fig. 19 represents a system of three revolv- 
ing axes, in which motion is transmitted from one to 
the other, by means 
of a series of belts. 
The belt being 
direct in tbewheels 
A and D c, t h e i r 
axes will move in 
the same direction, but as the belt crosses in pass 
ing from D c to H G, their axes will move in oppo 
site directions. 
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Here, wbilst the axis B makes one rotation, the 
rad. H G X rad. d c 

K ^ ^' 

Or putting Ri ^ rad D C, B, ^ rad. H G, &g., 
r, ^ rad. i K, r, e= rad. E F, &c., and putting q and Q 
for the synchronal rotations of the lirat and last 
axes respectively ; then 



Q r, X r, X r, X &c. 

Example, — In the mechanism repi 
fig. 19, let B, =; 8, B, = 15, n ^ 5, rj ^ 4 ; required 
the least number of entire rotations performed in 
the same time by the axes A and B. 

Here, by eq. (2) we have, 

g 8x15 6 



that is, whilst the axis B makes one revolution, 
the axis A will make six, 

32, In raising buckets from deep wells or from 
pits, a continuous cord coila round an axle or a 
drum wheel, as the case may be, the full bucket 
being attached to one end of the cord and the 
empty bucket to the other end ; the rotation of the 
axle coils up the cord to which the full bucket is 
attached and at the same time uncoils the cord to 
which the empty one is attached, so tliat whilst 
the former is ascending the latter is descending. 
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Speed Pulkjjs. 

33. Fig. 20 represents an arrangement of speed 

pulleys ; a b and c d are two parallel axes upon 

each of which is fixed a series of pulleys, or 

^ wheels, at^apted for a belt of 

given length, so that it may be 

shifted from one pair of wlieels to 

any other pair, say for example, 

from the pair a a, to the pair c c,. 

In order to suit this arrangement. 

if the belt be crossed, the sum of 

the diameters of any pair of pulleys 

must he a constant quantity, that is 

to say, it must be equal to the sum 

of the diameters of any other pair. 

By this contrivance, a change in 

the velocity ratio of the two axes 

is produced by simply shifting the 

belt from one pair to another. 

In practice it is customary to make the two 
groups of pulleys exactly alike, the smallest pulley 
of one being placed opposite to the largest of the 
other. 

In a group of speed pulleys, let s = the constant 
sum of the diameters of the driver and follower, 
D ^ the diameter of the follower, and Q q the 
number of their synchronal rotations respectively. 







-• and 
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d = -— - ■■ or more simply, 

= 3— D... (2). 

Example. — Required the diameters of a pair of 
speed pulleys, when the sum of the diameters ia 
30 inches, and the driver makes two revoluticna, 
whilst the follower makes three. 

Here s = 30. Q = 2, and q = 3 ; then by eq. (1) 
and (2) we have 

D=^^=18 in -and d = 30 — 18= 12 in. 
5 

If the constant sum of the diameters of a group 
of 5 pairs of speed pulleys be 12 inches, and the 
diameters of the pulleys a,, h„ Ci, di, e„ be 10, 8, 
6, 4, and 2 inches respectively, then the diameters 
of the pulleys a, h, c, d, e, will be 2, 4, 6, 8, and 
10 inches respectively ; and as the strap is shifted 
from one pair of wheels to another, the relative 
velocities of the axes cd and ab will be as the 
nnmbers I, J, 1, 2, and 5. 

84. It is customary to construct the pairs of 
speed pulleys so that the rotations of the follower 
may be increased or decreased in a certain geo- 
metric ratio. Thus, if r be this ratio, then for 5 
pairs of speed pulleys we shall have the series of 

terms ' ~' 1, r, r', for the different values of — , 
ft r q 
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tli3 ratio of the syiioiironal rotations of eaoli pair. 
Or, generally, if n be the number of pairs, then 



be the different 



values of — In this case, let Di, D.. ... , D„ =^ the 

1 
diameters of the 1st, 2d, ... , and jith pulleys, re- 
spectively, on the driving axis ; and these symbols, 
taken in a reverse order, will be the correspond- 
ing diameters of the pulleys on the driven axis ; 

s , s 
then Di ^= — — ^za " "^ ^ — , and so on : 

moreover we have n=:S — D„ d„_i^s — D^, and 
BO on. 

Example. — To find the diameters of a set of 5 

pairs of speed pulleys, so that values of - (the 

ratio of the synehronal rotations of the different 
pairs) shall have the common ratio of |, the con- 
stant sum of the diameters of each pair being 26 
inches. 

Herer = §, n = 5, and S = 26, then from the 
foregoing formula we find, 

26 26 

26 

D, = "iT Tay = 13 ; and SO on. 
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But tlie remaining diameters will be better 
found as fullows: 

D.= 26— 18 = 8; D. = 26 — 15| = 10|, 

35. Two plain cones, having their axes parallel, 
ae shown in fig. 21, will obviously answer the 
same purpose as the ordi- j\g.zi. 

nary form of speed pulleys. 
The slant faces of the cones 
may be formed by any con- 
tinuous curve; but with this 
condition — that the sum of 
the diameters at every po- 
sition of the band shall be 
a constant. 

Guidd Pulleys. 

36. By the intervention of guide pulleys the di- 
rection of cords may be changed into any other 
direction. Thus, by means of ^^^ ^^ 
the guide pulleys B and C, the 
motion of the cord in the di- 
rection C D is changed into the' 
direction A B. 

The cords I> C and C B 
should be in the plane of the 
pulley C; and the cords C B 
and B A should be in the plane of the pulley E 

37. Two guide pulleys, B and H, may be 
ployed to transmit motion fruLn the wheel J 
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the wheel B, when the axes of these wheels have 
aoy given direction. 

Let E H be the line 
where the planes, 
passing through the 
two wheels, intersect 
each other. In this 
line assume any two 
convenient points B 
and H ; in the plane 
of the wheel A draw 
the tangents E c and 
H D ; and in the plane 
of the wheel B draw 
the tangents E F and 
H g; then CEFG H D 
will be the path of the endless cord, which will be 
kept in this path by a guide pulley at e, in the 
plane of c e f, and another guide pulley at H, in 
the plane of D H o. 

The relative velocities of the axes A and B de- 
pend entirely upon the ratio of the radii, A i) and 
B G, of the two wheels. See Art. 30, 




Wrapping ConneciWB from Slipping. 

38. The slip of the band on the wheel, when it 
is not excessive, is in many cases rather an advan- 
tage than otherwise; but when motion is to be 
transmitted from one wheel to another according 
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to some given exact ratio, gearing chaini 

forms are employed as the wrapping connectors. 

39. In some cases the links of the gearing chain 
lay hold of pins or teeth formed upon the wheel, 
ts shown in fig. 25. In other cases, the links of 
he gearing are joined together, something Hke a 




watch chain, and carry teeth which pass into c 
tain notches made at corresponding dist 
the edge of the wheel, as shown in fig, 24. 




Fis. 27. 

I 



40. "When a belt moves a conical wheel, it alway 
happens that the belt gradually moves toward the 
broad end of the wheel ; this is owing to the belt 
5 
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being more stretched on that aide than it is on 
the other. 

41. This property enables us to conatruot a 
wheel so that a belt shall not shift on its edge ; 
this is simply effected by making the edge to 
swell a little in the middle, as shown in fig. 27. 

42. When two rollers have to make only a 
limited number of revolutions in each direction. 

Tig. 28. the slip of the cord may 

be prevented by having 
a cord coiled round each 
end of the rollers in op- 
posite directions, so that 
while one cord ia coiled 
on one extremity of the 

roller, the other cord is uncoiled from the other 

extremity, as shown in fig. 28. 





43. By a similar arrangement of cords on th« 
cylinder e f (kco fiLr. 29), a rcciprocuting motion 



,1 Google 



WRAPPING CONNECTORS, 



of this cylinder will produce a back and forward 
motion of the carriage a b. 



Systems of Pulleys. 

44. A system of pulleys must at least contaia 
one movable pulley, Whea a wheel, forming a 
part of a system of wheels connected together by 
cords, lias a progressive motion, it materially 
affects the velocity ratio of the receiver and the 
operator of the mechanism. There are a great 
many different systems of pulleys, but they all de- 
pend upon the different combinations of movable 
and fixed pulleys, and the different modes of redu- 
plication of a cord. 

45. la this system of pulleys ^'* '"■ 
there is one movable block and .1 
single continuous cord with thr. ■' 
duplications, so that whilst tin' 
moving force p acts by one coid, 
the movable block with its loiil 
is suspended by six cords; if v. 
ascend one foot, each of these eordi 
will be shortened one foot, and 
therefore the cord P will be length- 
ened six feet ; that is to say, the 
velocity of P will be six times that of w. 

46. In the system of pulleys represented in fig. 
31, there are two distinct cords and two movable 
pulleys, A and B, making two duplications of cord ; 
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then if a ascend one foot, B must ascend two feet, 
and the cord at p must be lengthened four feet; 
that is, the velocity of p will be four times the 
velocity of W, 

Generally, if there are n moveable pulleys in 
saiih a system, then, 

velo. p=; 2''x velo. w. 




47, The system of pulleys represented in fig. 32, 
contains two movable pulleys, one fixed pulley, 
and two single cords. In this case the velocity 
ratio of p to w is as four to one. 

48. Fig. as represents a similar system of pul 



,1 Google 





1 



WRAPPINQ C0NNECT0B3. 63 

leys, in which the velocity ratio of p to w is as 
five to one. 

In all these systems of pulleys the velocity ratios 
are constant. 

49, In the compound wheel and axle, repre- 
sented in fig. 34, the axle is made of different 
thicknesses, aa at A and Fig. at 

8, and a continuous cord 
coils round these parts 
in different directions, 
and passes round the 
wheel of the movable 
pulley D. In one revo- 
lution of the wheel c P, 
the space moved over by the pulley d is equal to 
half the difference of the circumferences of the 
axles A and B. Putting b, for the radius of the 
wheel c p, B for the radius of the axle A, and r for 
the radius of the axle b ; then we have for the 
velocity ratio 

velo. P _ 2 R, 
velo. w R — r 

IfK.= 10, R = 4, r = 3J; then 

velo. p _ 2x10 _ 
velo. w 4 — 3| 

This piece of mechanism belongs to a class which 
produces what has been called differential moliojis, 
5* 
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tlieir object being to produce a slow and delinita 
motioE ia a body by the most simple and practi- 
cable meaDs. 

TO PRODUCE A VARYING VELOCITY RATIO BY 
MEANS OF WRAPPING CONNECTORS. 

50. To find the ratio of the angular velocities 
of two eccentric wheels, moved by a cord wrap 
ping over each. 

Let D C be a cord wrapping round the wheels. 

Fig 3s, whose axes of motion are 

A and B ; their line C D will 

be a tangent to the two 

curves forming the edges 

of the wheels. On D o 

produced let fall the per- 

pendiculara a q and b k ; 

then the velocity of the 

cord, in this position of the 

wheels, will be equal to the 

velocity of the point Q, and at the same time it will 

also be equal to the velocity of the point £ : hencs 

we find, 

angular velocity AC B K 

angular velocity B D A Q ^ ' 

that is to say, the angular velocities are inversely as 
the perpendiculars let /all upon the cord from the axe, 
of motion. 
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61. Let B be a movable pulley suspended from 
the continuous cord P a b'c, ^'^- ^*- 

passing over a fixed pulley 
A, and attached to a point 
c in the same horizontal 
line with A. Let fall B B 
perpendicular to A c ; then 
B C will always be equal to 
B A, and B will move in a vertical line B D. Hence 
we find, 

velocity p 
velocity W 

This expression may be put in the following 
trigonometrical form : 
velocity P 
velocity w 

52. Fig. 37 represents a simple and ingenious 
contrivance for communicating a varying velocity 
to the axis B, by means Fig.sT. 

of an endless band Q K c, 
passing over an eccen- 
tric wheel A, a pulley 
B K, and a stretching 
pulley c. The curve of 
the eccentric wheel a, 
must be such as to pro- 
duce the varying velo- 
city required. The 
weight w, attached to the stretching pulley c, k 



.(1). 



... (2). 
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the band constantly stretclied, so that whatever 
may be the velocity of the cord upon leaving the 
eccentric wheel, it communicates the same velocity 
to the circumference of the pulley B K, From the 
axis A let fall A Q perpendicular to the cord Q K; 
then by eq. (1), Art, 50, the velocity ratio may 
De expressed as follows : 

ang. velo. axis A B K 
ang. velo. axis B a Q 

Let the axis A revolve uniformly, and let the 
radius B K of the pulley be given ; then 

The ang. veh. axis B mil vary as the perpend. A Q. 



V. OS WHEEL-WORK PBODUCING MOTION BY 
ROLLING CONTACr WHEN THE AXES OP MOTION 
ARE PARALLEL, 

53. Two wheels, E and f, in contact with each 
Rg. 3i. other, revolve on the par- 

allel axes A B and c r ; 
BOW if the wheels are in 
contact in any one posi- 
tion, they will also be in 
contact in every other po- 
sition, and their circum- 
ferences will roll upon 
each other, so that if the 
driver p revolve on its axis c d, it will communi- 
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cate a rotatory motion to the follower e in a con- 
trary direction, by the frietional adhesion of the 
parta successively brought in contact. The edges 
of these wheels must have the same velocity, and 
therefore their angular velocities will be inversely 
as their radii. 

54. In order to render the transfer of motion 
perfectly exact, the edges of the wheels are formed 
into teeth, placed at equal 
distances from each other, 
so that when one wheel 
turned, its teeth sucees 
ively enter into the spaci 
formed on the edge of tl 
other wheel. Thus, ev( . 
with slight errors of co 
struction, one wheel c: 
not escape from the otht 
which may happen in the 
case of simple rollers. 

The numbers of teeth in the wheels, acting upon 
each in this manner, are in proportion to their 
radii. Thus, let the radius of the wheel A be 15 
inches, that of B 6 inches, and let B contain 8 
teeth; then 




No. teeth in < 



= 8x-- 



15 



= 20. 



Or, generally, if R and r be put for the radii of tire 



,1 Google 



i)3 PRIXXIPLKS OF MECHANISM. 

wheels, and N ami n the number of their teeth 
respectively; then 

^ = "■■•«■ 

Hence angular velocities, as well as the synchronal 
rotations, of wheels, may be expressed in terms of 
their numbers of teeth : thus we have — 



ang. velo, a 
ang. velo. B 



(2); 



synchronal rotation A o n 

also, ~ — r 1 —7— — , or - = - ... (3). 

syncbronal rotation B q "S ^ ' 

Exaviple. — Eequired the least number of teeth 

in the wheels A and B, so that B shall make 105 

revolutions per miii. aud A only 40, 

40 _ 8 , 

105 ~ 21 ' 



Here by eq. (3), - = 



that is, B will contain-8 teeth and A 21 teeth. 

The form which must be given to the teeth 
of wheels, so as to maintain a perfect rolling 
contact, will be explained in another part of this 
work, 

55. If the wheel A be the driver then b will 
be called the follower. Wbeels acting in this 
manner are sometimes called spur-wheels. Small 
toothed wheels are called pinions ; thus B may be 
called a pinion in relation to A. 

56. Toothed wheels are said to be in gear when 
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their teeth are engaged together, aiid they a;e said 
to be out of gear when they are separated. 

57. In the train of wheels represented in fig. 40, 




let N„ N^ N,, &a., he the aamlDer of teeth in the 
driving wheels, and Mi, n,, n,, &c., the number in 
the driven wheels ; Q, = the no. of rotations of the 
first axis, Q = the no. of the second axis, and so 
on, performed in the same time ; then 

Q,, + i ^ N..N,.N,....N„ 
Qi Ml . Ki . Tlj....»„ ■■"' 

This equality may be expressed in language as 
follows : — TTie ratio of t/ie synchronal rotations of the 
last and first axes, is eqttal to tlie continued product 
of the number of teeth in the driving wheels divided 
by the continued product of l/ie number of teeth in the 
driven, wheels. 
Similarly we have, 

which may be expressed in language as follows : — 
The ratio of the synchronal rotation of the first and 
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last axes, is equal io the product of the separate si/n- 
chronal ratios of Ute successive pairs of axes. 

The number of axes in this combination is 
always one more tban the number of pairs of 
wheels. 

It is evident, from eq. (1), that the drivers and 
followers may be placed in any order in a train 
of wheel-work without changing the velocity 
ratios of the first and last axes. 

Example. — Let the number of pairs of drivers 
and followers be 3. that is, let m^3, Ni^16, 
Kj = 15, Nj ^ 14, ui = 7, Jij = 6, Jij = 5 ; required 
the least number of synchronal rotations of the 
first and last axes in the train of wheels. 

Here by eq. (1) we have — - 

Q._ 16 X 15 y 14 _ 16 
Q,~ 7""x 6x5 ~ 1 ' 
that is, whilst the first axis makes one revolution, 
the last will make sixteen. 

58. If the number of teeth in a driving wheel 
be some exact multiple of the number of teeth in 
the follower, then the same teeth will come into 
contact in every revolution of the driver. Thus 
if the driver contains 30 teeth and the follower 6, 
then the same teeth will come into contact at 
every revolution of the driver. This arrangement 
of teeth is preferred by the clock and watchmaker ; 
but the millwright would add one tootb, called the 
Hunting Cog, to the large wheel, that is, he 
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would have 31 teetli in the driver and 6 in the 
follower, because 31 and 6, being prime to each 
other, and at the same time nearly in the same 
ratio as 30 and 6, the same pair of teeth would not 
come again into contact until the large wheel had 
made 6 revolutions, and the small one 31. 

59. Eq. (3), Art. 53, enables us readily to find 
the number of revolutions which the wheels must 
make in order that the same teeth may come again 
into contact with each other ; for it is only neces- 
sary to reduce the fraction — to it.s least terms, 

and the denominator of this reduced fraction will 
give the number of revolutions of the driving 
wheel as required. Thus, let N = 144, and « = 54 

then -^ — ^si that is, the driver must make 3 
y 14 8 

complete revolutions, or the follower 8, before the 

same teeth can again come into contact, 

60. In a combination of wheels, whose motions 
are expressed by the equality -' = - ' ■■ ■ ' , an in- 
definite number of values may be assigned to the 
numbers of teeth, which shall produce a given syn- 
chronal ratio of the first and last axes; but if n, 
and Tij be given, and Ni and Nj be comprised within 
certain given limits; then a limited number of 
values may be found for N, and Nj. 

Thus, for exam[)le, let -' =^ 60, «, = ?ji ^ 8, and 
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tbe values of Ni and Nj not to exceed 100 nor to 
be less than 40. 
Here we have — 



.-. N, . N, = 60 X 64 ; 

hence, N, may be 60 and N, may be 64 ; but in 

order to determine all the combinations, we must 

put the product, 60 x 64, into prime factors, and 

then distribute these factors into different groups 

answering to the limiting values of N, and K,, 

Here, 60 x 64 ^ 2' x 3 X 5 ; hence we have 

1st combination, (2' x S) x (2* x 5) = 48 x SO ; 

2d combination, (2' x 3) x (2' x 5) = 96 x 40 ; 

Sd combination, 2' x (2' x 3 x 5) = 64 x 60. 

61, When all the drivers contain the same 

number of teeth, and also the followers, then eq. 

(1), Art. 57, becomes 



=(^r-«- 



By means of this formula we may readily de- 
termine the least number of axes requisite for 
producing a given syfichronal ratio of rotation 
between the first and last axes, when the number 
of teeth in tbe drivers cannot exceed n, and the 
number in the followers cannot be less than ni. 

Find m, in eq. (1), equal to the highest whole 
number, which does not make t!ie right member 
greater than the left ; then the least number of 
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axes will be m + 2. But if m, a whole number, 
can be found so as to make the right-hand 
member exactly equal to the left, then ia this case, 
the least number of axes will be m + 1. 

Example. — Required the least number of axes 
in a train of wheels which shall cause the last axis 
to revolve 180 times as fast as the first axis, 
allowing that none of the drivers can contain more 
than 54 teeth, and none of the followers less 
than 9. 

Here, we must find the greatest whole number 



This value of m is obviously 2 ; and tlie least 
number of axes will be 4. 

Idk Wheels. 

62. The wheel c placed between two other 
wheel.s A and B, does not affect 
the velocity ratio of these 
wheels ; and hence the wheel c 
is called an idle wheel. This 
intermediate wheel, however, ; 
causes the wheels a and b to j 
revolve in the same direction, 
whereas if A and B were in contact they would 
revolve in opposite directions. 
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Annular Wheels. 
fiS. Fig. 42 represents an annular wheel A, hav- 
ing its teeth cut on the internal 
edgeof theannulus or rim. The 
toothed wheel B, revolving with- 
in the annular wheel A, causes 
it to revolve in the .mme direc- 
tion; whereas two ordinary spur 
wheels revolve in opposite direc- 
lioKS. 

Concentric Wheels. 

64. When two separate wheels revolve about 

the same centre of motion, 
they are called concentric 
wheels. The pinion D is 
fixed to the axis fb, whilst 
the concentric wheel c is 
fixed to a tube or cannon, N, 
which revolves freely upon 
the axis F E. The driving 
wheels, A and B, fixed to the 
parallel axis H G, communicate the relative velo- 
cities to the axis f k and to the cannon N. 

Wheel work when the axes are not parallel to each 
other, 

65, When the axes of two wheels are not paral- 
lel to each other, motion is generally communi- 
cated from the one to the other by bevel wheels or 
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bevel gear. When the axes are perpendicular to 
each other, ih^ face wheel and lantern, &n^t\e crown 
wheel are frequently employed. 

Face Wheel and Lantern. 

66. In fig. 44, F represents a. face wheel, with its 
lantern L. Here 

motion is trans- ^'^- **■ 

mitted from the 
vertical axis A b 
to the horizontal 
axis AC, The 
teeth F on the face 
of the face wheel 
are called cogs, 
which are usually 

made of iron, whilst the round slaves forming the 
teeth of the lantern, L, are made of hard wood. 
The axes A b and c r should, when produced, in- 
tersect itt a point. 

Crown Whetk. 

67. Fig. 45 represents 
a crown wheel B, with its 
pinion A, having their 
axes at right angles to 
each other. The teeth 
of the crown wheel are 
cut on the edge of a hoop, 
the plane of which is at 

6* 
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right angles to its axis, and the pinion is thicker 
than wheels are commonly made. 

Case I. To comtruct Bevel Wheels or Bevel Gear 

when the axes are in the samejilane. 

68. Let A C and a b be two axes of rotation, in 

the same plane, and cutting 

each other in the point A. 

On these axes two right 

cones, A D F and A D E, may 

be formed, touching each 

other in the line ahd; 

and also two right frusta, 

U F G H and D H K E, of these 

cones may be formed. 

Now, if the frustum D F G H revolve on its axis 

B A, it wil! communicate, by rolling contact, a 

rotatory motion to the frustum D H K E upon its 

axis c A. 

These frusta of cones will obvionsly perform 
their rotations in the same time as the ordinary 
spur wheels previously described. 

On the surfaces of these frusta a series of equi- 
distant teeth are cut, directed to the apex A of the 
cones, so that a straight line passing through the 
apex to the outline of the teeth upon the bases d p 
and D E of the frusta shall touch the teeth in every 
part as shown in the diagram. 

Wheels cut in this manner are called bevel gear 
Two wheels of this construction will always 
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transfer motion, with a constant velodty ratio, 
from one axis to the other, provided these axes 
meet each other in a point, which point being 
always made the apex of the frusta forming the 
bevel of the wheels- 

69. General problem. — Given the radii of two 
bevel wheels, and the position of their axes, to 
construct the frusta forming the wheels, the two 
axes being in the same plane. 

Let A B and A c be the position of the axes cut- 
ting each other in A. ^^ 
Draw I J parallel to 
AB at a distance equal 
to the radius of the 
wheel on the axis A b ; 
and draw il l parallel 
to A c, at a distance 
equal to the radius of 
the wheel on the axis 
A c, cutting the line i J 
in the point D, From the point d, draw DBF per- 
pendicular to A B, and D c E perpendicular to a c. 
Take B F equal to B D, and C £ equal to C ». Join 
A B, A D, and A P. At a distance equal to the thick- 
ness of the wheel, draw H g parallel to D f, cutting 
A D in H ; and through H, draw H k parallel to D E. 
Then d F G h and d e k e will be the frusta re 
quired. 
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71. Let A Ban 
axes ; take A D £ 



Case IT. To construct Bevel Gear wJien the axes are 
not in the same^lane. 

70. This is usually done by introducing an in- 
termediate wheel with two frusta formed upon it, 
one frustum rolling in contact with the driving 
wheel, and the other frustum in contact with the 
driven wheel. 

1 c D be the direction of the given 
3 a third axis, meeting the axes 
A B and c D at any 
convenient points, a 
and D; then A will 
be the vertex of 
two rolling frusta 
of cones o and H, 
and D will be the 
vertex of two other 
rolling frusta of 
cones I and k. 
Whilst the intermediate axis, with its two frusta 
of cones, revolves, the teeth of the frustum h will 
have a rolling contact with the teeth of the frus- 
tum a, and at the same time the teeth of frustum 
I will have a rolling contact with the teeth of the 
frustum K ; and thus motion will be transmitted 
from the axis a b to the axis c d with a constant 
velocity ratio. 

Let Qi and Qj be the number of rotations per 
formed by the axes A B and c n respectively in the 
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same time ; N, = tlie number of teeth in the bevel 
wheelG; n, ^ the number in the edge H; n,^ 
the number in the edge i; and «, = the number 
in the bevel wheel K ; then, 



N. .Nj 



..(I), 



which 13 similar to the expression given ineq. (1), 
Art. 57. When rii ^= Nj, then this equality be- 
comes, 

In this case the intermediate bevel wheel, i ii 
may be regarded as an idle wheel. 



VARIABLE MOTIONS PRODUCED BY WHEEL WORK 
HAVIMG ROLLING CONTACT. 

72. Two curved wheels, e p and F p, having 
rolling contact, revolve on the axes a and b. In 
order that these wheels may 
roll on each other without 
slipping, or without produc- 
ing any strain upon the axes 
A and B, these axes must al- 
ways be in the line of contact 
A p B, and if the curve p E on 
the one wheel be equal to the 
curve p p on the other wheel, 
the sum of the lines A E and 
B p must always be equal to A 
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tween the centres of motion. Various curves may 
be constructed, Laving this property. For exam- 
ple, two equal ellipses, E P and F P, revolving on 
their foci, A and B, and having A E and B P in the 
line of their major axes, will have a perfect 
rolling contact. Two equal logarithmic spirals 
have also the same property. 

Let D p c be the common tangent to the point 
of contact p ; from A and B let fall A c and B D 
perpendicular to D p C ; then, 

angular velocity A p 

angular velocity B P 
This result may be expressed in language as 
follows; — The angular velocities of the wheels are 
inversely as the perpendiculars let fall upon the com- 
mon tang evi from the centres of motion. 



-=— or— ...(1). 




73. The form of wheels, represented in fig. 50, 
,re used in silk-mills, and in the Cometarium. 
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The curves may be indefinitely varied, b'lt they 
must always be constracted to answer the condi- 
tions explained in Art. 72. 

74. Bocmer's Wheels. — E F and C D are the axea 
of two conical wheels or bevel-wheels K and Q, 
having their vertices turned in opposite directions 
the teeth of K are formed like those of the ordinary 
bevel-wheel; but the teeth on G are formed by 
a series of pins e k, fixed on the surface of the 
frustum G. By varying the relative position of 
these pins, any given velocity ratio may be ob- 
tained. 

75. Various combinations have been invented 
for producing a varying angular velocity; such 
as the eccentric crown wheel and broad pinion, 
the eccentric spur-wheel with a shifting interme- 
diate wheel, and so on. 



IKTBBMITTENT AND EEftlPRO GATING MOTIONS PRO- 
DUCED BY WHEEL WORK, HAVING ROLLING 
CONTACT. 

76. The following is an example of an inter- 
mittent motion produced by the continuous mo- 
tion of a toothed wheel. 

A driving wheel A, having sunk teeth on a por- 
tion of its edge, communicates an intermittent 
motion to the wheel B, which has a corresponding 
number of teeth on a portion of its edge. The 
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portion D c of the wheel B, being a plain arc of a 
circle described from A as centre, allows the plain 
portion of the wheel 
A to revolve with- 
out any interrup- 
tion. The wheels 
are brought into 
gear by a pin f, 
fixed to the wheel 
A, and a guide- 
PLATE G e, fixed to 
the wheel B. Now when A revolves, in the direc- 
tion of the arrow, the plain portion of its edge 
runs past d c without moving 
[ the wheel b, and at the same 
I time keeps it from shifting; 
but when the pin f comes into 
I contact with the guide-plate, the 
wheel B is moved round, and 
the teeth D B engage themselves 
I with the teeth on B, and thus 
the wheel B is constrained to 
make a revolution ; it then re- 
mains at rest until the pin -p 
igain comes round to meet the 
I guide -plate. 

77. The Rack and Pinion. — 
By this combination a circular 
reciprocating motion is changed into a reciprocat- 
ing rectilinear one. Teeth are cut upon the edge 
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of the straight bars, B c and D B, so as to work with 
the teeth upon the pinion A. These toothed bars 
are called racks, and they are constrained to move 
in rectilinear paths by guides or rollers. The 
racks in this oombioation move in opposite direc 
tions. 

78. Fig. 53 represents an application of the 
double rack, for converting a continuous circular, 




motion of a wheel, A, into a reciprocating recti- 
linear motion, given to the frame B b. 

The teeth on A are formed by pins or staves 
placed about one quarter round the face of the 
wheel ; these staves act alternately upon the racks 
formed on the upper and under sides of the frame. 
The tooth on each rack, which comes first into 
contact with the stave of the pinion, is made longer 
than the others, in order that the first stave should 
act obliquely upon it, thereby tending to lessen 
the shock. In this figure the lower stave is repre- 
sented as leaving the last rack on the under sid^ 
and the upper stave as commencing its action on 
the elongated tooth of the upper rack. 
1 
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V. ON SLIDING PIECES, PRODUCING MOTION BY 
SLIDING CONTACT. 

The Wedge or Movable Inclined Plane. 

79, Let A B c be a movable inclined plane or 
wedge, sliding along the smooth surface D B, by a 

pressure F applied to 
the end B c, and pro- 
ducing a vertical motion 
in a heavy rod g p, rest- 
ing on the plane A c, and 
constrained to move in 
a straight path by means 
of guide rollers. The 
velocity ratio of F and p, will be constant, being 
expressed by the following equality : 

velocity p A B length of the wedge 

velocity p, b c thickness of the wedge. 
To transmit motion from an axis ad, to another 
axis B c, parallel to it. 

80. The axis A d carries an arm A B, and a pin 

rig. 58. B F, which enters and 

slips freely in a slit 
made in the arm GB 
attached to the axis 
Bc. When the axis 
A D revolves, it com- 
municates a rotation 
in the same direction 
to the other axis B c, 
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but with a. varying velocity ratio, for the pin F 
oontinually changes its distance b f from the axis 
BC. 

When the distance between the parallel axes is 
small, and the axis ad revolves uniformly, the 
angular velocity of the axis B C varies, very nearly, 
inversely as the distance, B F, of the pin from this 
axis. 

The Eccentric Wheel. 

81. This mechanism is usually employed to 
give motion to the slide-valve of the steam engine. 
Fig. S7. Infig. 57, B repre- 

sents the axis of 
the eccentric 
wheel; C the cen- 
tre of the circle; 
E K F K a hoop 
which embraces 
the eccentric, 
wheel so that the one may revolve freely within 
the other ; E F D a frame connecting this loop with 
the extremity d of the bent lever D lg, turning 
on the fixed centre L. Now when the eccentric 
wheel revolves in the direction of the arrow, shown 
in the figure, the frame with the pin D is pushed 
to the right, and when the lob side of the eccen- 
trifi has passed the line of centres, B and D, the 
frame with the pin D is drawn to the left, and so 
on. Thus the continuous rotation of the axis » 
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produces a reciprocating circular motion in the 
pin D. The stroke of the pin d will be equal to 
twice c B, or double the eccentricity of the wheel. 

Camhs, Wipers, and Tappets. 

82. Cambs are those irregular pieces of mechan- 
jam to which a rotatory motion is given for the 
purpose of producing, by sliding contact, recipro- 
cating motions in rods and levers. 

83. Id fig. 58, B c D represents the camb, turn- 
ing OQ its axis A, and giving a reciprocating recti- 

^^_ ^^ linear motion to the heavy rod 

£ F, which is restrained to move 
in its rectilinear path by the guide 
rollers. The rotation of the axis 
A being in the direction of the 
arrow, the rod fi F has an upward 
motion until the extreme point B 
of the camb comes in a line with 
the rod, then the portion B G of 
the camb allows the rod to fall, 
by its own weight, or by the ac- 
tion of a spring, until the point Q comes in a line 
with the rod, and so on ; thus one revolution of 
the camb, here presented, will cause the rod to 
make three upward and three downward strokes. 
By varying the curve of the camb, any law of 
motion may be given to the rod. 

84. In fig, 59, the pin B of the rod is made to 
traverse a groove E G n, cut in the camb plate, so 
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that the pressure of the camb upon the pia pro- 
duces the downward stroke of 
the rod aa well as its upward 
stroke. la this case the rod 
will only make one upward and 
one dowaward stroke in every 
revolution of the eamb plate. 
The length of the stroke of the 
rod will be equal to the differ- 
ence betweea AD and ag, where 
D is the point in the groove 
farthest from the centre A, and 
Q is the point nearest to it. 

85. To find the curve forming the groove of a camb, 
so that the vehdly 
ratio of the rod and 
the axis of the camh 
may he constant. 

Let A be the cen- 
tre of the camb, and 
c A B Q the direction 
of the rod. From a 
as a centre, with any 
convenient distance 
A c, describe the cir- 
cle c E D B N. On 
B A take B a equal 
to the length of the 
Btroke of the rod; 
divide it into any 
7* 




,1 Google 



78 FBtSClrLES OF MECHAXI3M. 

convenient number of equal parts, say five, in tlie 
points, b, c, d, e, and divide the seraiuirele b D E F g 
into the same number of equal parts by tbe radial 
lines, A D, A E, A F. From A as a centre, with A b, 
A c, A rf, A e, aa radii, describe circles cutting A D, 
A B, &o., respectively in the points g, k, I, m: then 
through these points draw the curve a g k I m c; 
aud similarly in the semicircle B N c draw the 
other curve a np 0. 

All lines drawn through the centre A of this 
curve are equal ; thus a C = In ^=: g p = &c. 
Hence if the rod had two pins placed at a and c, 
tbe oamb would revolve between them, and would 
cause the rod to make a downward as well as an 
upward stroke. This curve is the spiral of Archi- 
medes. 

By dividing the line Boiinto parts having a 




varying ratio to one another, any proposed law of 
velocity may be given to the rod. 
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86. In fig. 61, the continuous rotation of the 
camb A E c, revolving on the axis A, gives an 
oscillating motion to the rod or lever F a, turning 
on the centre P. In one revolution of the camb 
the rod makes a doable oscillation in the arc a a,. 

87. Wipers. — When the rod is to receive a series 
of lifts with intervals of 

rest, the camb is made 
into the form of project- 
ing teeth, which are com- 
monly called Wipers or 
Tappets. 

88. In fig. 62, the re- 
volving cylinder C has five 
wipers upon its circumference, which give five 
downward strokes to the hammer, H, placed at the 





extremity of the lever A E 
the cylinder. 



in each revolution of 
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83. In fig. 63, two tappets, upon the revolving 
cylinder c, give two downward strokes to the 
heavy bar or siamptr A B, in each revolution of 
the cylinder. In this case the bar A B is con- 
strained to move in a rectilinear path by means 
of guide rollers. 

90. In fig. 64, a single wiper on the cylinder c 
gives an intermittent rotation to the ratchet wheel 
A with its detent D. At each revolution of c 
only one tooth in A is moved round, so that for 
the greater portion of the revolution of c the 
wheel B is at rest. 

91. In fig. 65, the continuous rotation of three 




wipers a,b,c, communicates a reciprocating recti- 
linear motion to the frame A B c D. The wiper a 
is engaged with the pallet e, and at the instant 
of disengagement the wiper b becomes engaged 
with the pallet g, and then the frame starts its 
motion in a direction contrary to that of the ar- 
rows ; and so on. 

ITie Swash Plate. 
82. By this mechanism, the continuous rota- 
tion of an axis produces a reciprocating recti- 
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liaear motion in a rod, in the direction of its 
length. 

Here c E represents the revolving axis, to the 
top of which is fixed the inulined circular flat 
plate A B, called the swash plate ; a d f the rod 
to which a reciprocating motion ia given in the 
the direction of its length, having ^_ ____ 

a frietional wheel a at its lower 
extremity resting on the awash 
plate. This rod ia kept in contact 
with the plate hj its own weight, 
or, if this be not sufficient, b\ 
means of a spring. Now as the 
swash plate turns round, the rod 
A F is alternately raised and de 
pressed, so that at every revolu- 
tion of the plate the rod performs an upward 
and a downward stroke. Supposing the rod, as 
represented in this figure, to be at the lowest 
point of its stroke ; from c, the centre of motion 
of the plate, let fall c D perpendicular to A F ; then 
A D will be equal to half the stroke of the rod. 
Moreover, let be any angle moved over by the 
axis, and let k be the corresponding space moved 
over by the extremity a of the rod ; then 

A = A D + (1 — cos s), 

which gives the position of the rod at any point 
of the rotation of the plate. 

93. There are an almost endless variety of corn- 
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binatioLis for producing reciprocating motions of 
this kind, by means of sliding contact. 

9i. In fig. 67, ao eccentric revolving pin e, 
sliding or working in the slit of the arm r s gives 
a reciprocating motion to the rod p g in the direc- 
tion of its length. 

95. In fig. 68, the same effect is produced by 





the rotation of an eccentric wheel, a b, on its axis 
a, within the frame c d F E. 

SCREWS. 

96. Construction of a Helix or Screw.— liet Xa K 
be a cylinder, and A D e a piece of paper cut in tlie 
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form of a right angled triangle, haviiig its height 
D B ec[iia] to the height a k of the cylinder. Now 
if this paper be wrapped round the cylinder, the 
slant edge A E of the paper will trace the helix or 
screw A a L t c K upon the cylinder. If A B ^ B c 
^ C D be equal to the circumference of the cylin- 
der, the edge of the paper will form four convolu- 
tions, and the perpendiculars bf^ig^he will 
be the distance between the threads of the screw. 
97. The •pitch of a Screw is the distance B F 
between two successive convolutions. If i ^ B F, 
the distance between the threads of the screw, 
r= the radius of the cylinder, 9 ^ angle B A F , 
then 



98. We may also conceive the helix of the 
screw to be formed by the compound motion of 
a point. Suppose the cylinder to rotate uniformly 
upon its axis, whilst a point A upon its surface at 
the same time moves uniformly in the direction oi 
its length : then, 
with this compound 
motion, the point A 
will trace the helix 
of a screw. 

99. Transmission 
of rrmtionhy the screw. >^^ 
■ — Let tancin. g be 
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a spiral groove cut upon a cylinder; A B the axia 
on which it turns; D E a rod parallel to the axia 
A B, and constrained to move in the direction of 
its length ; e a tooth attached to this rod fitting 
the groove of the screw. Now when the wheel C 
is turned in the direction of the arrow, the tooth 
with the rod he will be moved from left to right 
in the direction of its length, that is, parallel to 
the axis of the screw. 

The velocity ratio of the wheel c and the rod 
D E will be constant, for we have 

velocity c circum. described by c 
velocity c d pitch of the screw 

If B be the radins of the wheel c, r ^ the radius 
cylinder A B, v ^ velocity circum. c, v the velo- 
city of the bar D e, and so on as in art. 97 ; then 
the above equality becomes — 

' = ^■■■(1); 

T E 

.'.- = - tan 9 ... (2): 

and when b = r, then — 

- = tan fl ... (3); 

that is, the velocity ratio is equal lo the iangenl of the 
angle which the thread of the screiv makes vnth the 
sides of the cylinder. 
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100. It ia obvious that the number of teeth in 
the bar d r will not at all alter its motion. 

In fig, 71, the screw acts upon a series of teeth 




upon the rack D E. Tliis arrangement, called the 
rack and screw, converts a circular motion into a 
rectilinear one. 

Solid Screw and Nut. 

101. In general the piece acted upon by the 
screw has its teeth, or rather its 
threads, formed in a cavity which 
embraces the whole circumfer- 
ences of the screw, and the 
threads of the one exactly tit- 
ting the threads of the other. 
This modification is shown in 
fig. 72, where N is the hollow 

screw fitting thethreads of the screw S. The solid 
piece s is called the male screw, and the hollow 
piece the female screw or nut. 

102. Screws are either leil handed, or right- 
handed, according to the direction of the threads. 

103. It is important to observe that the follow- 
ing relations of motion subsist between the solid 
Bcrew and the nut : 
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1. When the nut is fixed, the solid screw will 
have a motion in the direction of its length, upon 
being turned round. 

2. If the nut revolves, without having any 
longitudinal motion, the solid screw will have a 
motion in the direction of its length, provided it 
is incapable of revolving. 

3. If the solid screw revolves without having 
any motion in the direction of its length, the nut 
will have a longitudinal motion, provided it is in- 
capable of revolving. 

The first two cases are exemplified in the differ 
ent forms which are given to the common press, 
and the last case is exemplified in the construc- 
tion of the self-acting slide rest of the lathe, and 
in other kinds of mechanism. 

The screw is usually employed for producing 
very slow uniform motions, and for exerting 
great pressure through a limited space. 

The Common Press. 

104. In fig. 73, s s is the solid screw, N the nut, 
N p the lever, b the lower press board which is 
constrained to move in an upward direction by 
means of the guide frame. 

Case 1. In this case the nut N revolves, but does 
not move longitudinally, but the screw s s is in 
capable of revolving. Hence the press board B 
is moved upward at every revolution of the nut, 
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753'984. 



over a space equal to the pitch of the screw, or the 
distance between the threads, that ia, 

velo, p circam, described by P 

velo. B distance between the threads. 

Bxample.—'Liit tlie distance between the threads 
^ J in., the length of the lever N p ^ 2J ft. ; 
required the velouity ratio of the point p and the 
press-board b. 

velo. F 2 X 2^ X 12 X 3-1416 _ 

velo. B ^ 

That is, the velocity of p is 753-984 times that 
of B. 

Case 2. lit this case N is a perforated cylinder 
forming part of the 
solid screw s 3, and 
therefore turns with it 
on a pivot which works 
in a socket placed on 
the under side of the 
press board B ; the 
piece K fixed to the 
frame contains the hol- 
low or female screw ; 
so that the solid screw, 
s s, is capable of re- 
volving and of moving 
longitudinally, whilst 
the nut K 1 
aolutely fixed. 
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Screw. 

1C5, This meclianism constats of two screws A 
piu j4 and D, the smaller one L 

working within the larger 
one A. The screw A works 
in a fixed nut or female screw 
at K, and is capable of revolv- 
ing and moving in the direc- 
tion of its length ; the small 
screw D is incapable of re- 
volving, but is capable of 
moving in the direction of its 
length. In one revolution of 
the lever P, the screw A de- 
scends a space equal to the 
distance between its threads, 
but at the same time the screw d enters the hollow 
screw formed in A, a space equal to the distance 
between the threads on D, so that the extremity B 
will only descend a space equal to the difference 
between the thickness of the threads on a and the 
thickness of the threads on B ; hence we have 




circum. described by P 



velo. p 

velo. B dist. bet. th'ds on a — dist. bet. th'ds on p. 

If the length of the lever p = r, the pitch of 
the screw A ^ (, and the pitch ofv = t,; then 
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Example.— Lat r = 5 ft., t=l in., (i=|in.; 
then 

ye!o._P ^ i x o X 12 ^ 31416 ^ ^^^^..^3^ 

velo. B J — f 

The same velocity ratio miglit be attained by 
making tlie pitch of a single screw A, equal to 
I — <i, but tlie tlireads, in this case, might be too 
weak to stand the pressure ; hence the advantage 
of [lie compound screw. 

The Endkss Screio. 

106. When the threads or teeth of a revolving 
screw are made to ^,^^ „, 

act upon the teeth 
of a wheel, as in fig. 
75, the mechanism 
is called the endless 
screw. Here, each 
rotation of the axis 
A B of the screw 
turns round one 
tooth of the wheel 
C, the pitch of the 
screw on the axis a b being equal to the pitch of 
the teeth on the wheel. 

If Q and q be the synchronal rotations of the 
wheels and the screw respectively, and N the num- 
ber of teeth in the wheel ; then 

| = N...(1). 
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If N = 40, then — ^ 40 ; that is, for every revo- 
lution performed by the wheel the screw will 
make 40. 

If R, r be the respective pitch-radii of the wheel 
and screw, e being, aa before, the angle which the 
tliread of the screw makes with its axis ; then 

I = ^ tan e ... (2). 

The Differential Screw. 

107. A D is an axis on which are formed two 

screws, A B and B c, whose pitches are dift'erent. 




The screw A B passes through a fixed nut or fe- 
male screw E, whilst B C passes through a nut N 
which is capable of moving longitudinally, but 
incapable of revolving from the intervention of 
the guides. 

Let the screw make one turn so as to move the 
cylinder from right to left, then the screw A B will 
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move through the fixed nut E a space equal to the 
distance between its threads; but, at the same 
time, the screw B c will move through the nut N 
a space equal to the thickness of the threads on 
B C ; 30 that the nut N will only be moved through 
a space equal to the difference between the thick- 
ness of the threads on A B and B c, that is — 

In one revolution of A, the space moved over 
by the nut N = pitch screw A B — pitch screw 
B c = ( — U, where ( is put for the pitch of the 
screw A B, and ii for that of B c. 

If ( = („ then nut N will remain at rest. 

If the screw a B be right-handed, and B C left 
handed ; then i + 1, will be the space moved ovei 
by the nut N in one revolution of a. 

7%e Archimedian Screw Oreefper. 
108. This machine is used for conveying corn 




from one part of a com mil! to another. It con 
sists of a wooden cylindrical trough, A B CD, witbin 
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which revolves a shaft, ep, having a deep spira"; 
thread formed upon its surface. The corn is 
dropped in at one extreraity of the trough by a 
hopper, and by the revolution of the creeper the 
corn is pushed along toward the other extremity 
of the trough. 

Mechanism for culling Screws. 
109. c 1 I hich the 
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screw ia to be cut, revolving with tlie mandril n 
of the lathe ; A a toothed wheel revolving with 
the axis c d, and giving motion to the toothed 
wheel B, round its axis F k, on which is cut the 
parent screw; this screw gives a longitudinal 
motion to the nut N, as in Case 3, carrying the 
sliding table or saddle upon which is securely 
clamped the cutting tool p intended to cut the 
thread of the screw on the cylinder C D. In the 
place of the wheels A B, any combination of wheels 
may be used so as to produce any relative longi- 
tudinal velocity to the cutting tool p, and thereby 
to form a screw of any given pitch on C D with 
the same parent screw F E. 

Let n ^ the no. of teeth on the wheel A, «[ = 
the no. of teeth on B, t^ the pitch of the screw 
on CD, ii = the pitch of the screw on F E ; then 

I = "_.(,...(!), 

which expresses the pitch of the screw on C D. 
From this equality we get, 

that is to say, llie pitches of the screws are in tlie 
ratio of the wiaher of teeth J« tfietr respective wheels. 
If III and ([ be constant, then 



that is to sB.y, the pilch of the screw on C D varies 
loiih the number of teeth on its wheel a. 
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Let k and i, be the number of threads per iucli 
on the cylinders c u and F e rcspeeti veh', then 

^ := (, and T = t,„ 
and eq. (2) becomes — 

Now, let there be an intermediate pinion and 
wheel, turning on the same axis, placed between 
A and B ; and let the pinion {acted upon by a) 
contain e, teeth, and the wheel e teeth ; then the 
velocity ratio of the axis F E will be increased by 

the ratio -, and hence eq. (3) becomes — 



t, ~ ne ■ 


,.(4). 


Example.— Lei n = SO, ; 


n, = 10, (, 


quired (. 




Herel,yeq.(I),I=" . 


30 
'■=10 ^ 



To produce a changing reciprocating reclilinmr mo- 
tion iy a combination of the camh and screw. 

110. E F is a conical shaped camb, turning on 
the eccentric axis A B, on which is cut the screw 
K B, working in the fixed nnt or holloiv screw N ; 
D c a rod resting on the camb, constrained t(i 
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move in the direction of its length, and to which 
the varying reciprocat- 
ing motion is to be 
given. Here, whilst 
the eanib revolves, it 
has a continuous mo- I 
tioQ in the direction of 
the axis a b, so that the i 
lower extremity, C, of 
the rod D c describes a | 
spiral or screw curve 

upon the cone whose pitch is equal to the pitch 
of the screw K b. The effect of this is to make c d 
reciprocate in its path in such a manner that the 
stroke in one direction is shorter than that in the 
opposite direction. 

To produce a loring motion hy a combination of 
the screw and toothed wheels. 

111. Here it is required to produce a rapid ro- 
tation combined with a very slow motion in the 
direction of the axis. 

The screw I B is cut upon a portion of the re- 
volving axis A B ; this screw passes through a nut 
K capable of revolving with the wheel a, but in- 
capable of moving in the direction of its axis, as 
in Case 2, page 87; the wheel G is driven by the 
pinion F revolving on the parallel axis DC; E is 
a long pinion, turning on this axis, and acting on 
the wheel n, which transmits a rotatory motion 
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to the sorew axis A B. Now the rotation of c D 
produces a rotatory motion in the axis a b, and at 
the same time causes it to advance, in the direc- 




tion of its length, with a velocity determined by 
the following formula. 

Let Q, Qi, 5i be the synchronal rotations of the 
axis c D, the nut s. and wheel G, and the wheel 
and axis a b, respectively ; N, N,, n, n„ the number 
of teeth in the wheels F, G, B, L, respectively ; 9 
the space moved over by A B in the direction of 
its length , and t = the pitch of the screw i b. 

Now Q, rotations of the nut s. moves the screw 
A B through a space equal to Qi x t; but 5, rota- 
tions of L moves the screw through a space, in 
ihe o^osite direction, equal to j, x ( ; therefore 
in Q rotations of the axis D, the screw A b will 
be moved through a space equal to the diflerence 
between q x ( and q, x t. that is, 

S = (2, _ Q,) ( ; 
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Now the diifcrcnce - — - may be very small 
n, S, ■^ ■' 

as compared with. Q, and consequently S may be 
made as small as we please as compared with Q, 
which is the condition required for the construc- 
tion of a boring instrument. The boring tool is 
plactid upon one extremity of the axis a b. 
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CHAPTER II. 



The elementary principles of motion by rolling 
contact and by wrapping connectors have already 
been explained, bo that in the present chapter we 
have only to examine in detail the methods of ap- 
plying these principles and their respective advan- 
tages, and especially the mode of constructing 
wheels in gear, so that the resulting motion shall 
most nearly approach the condition of perfect roll- 
ing contact. 

We saw in the preliminary chapter that there 
were two methods of transmitting power through 
trains of wheel work, the first being through the 
agency of wrapping connectors, and the second by 
rolling contact. 

Wrapping connectors. — Considerable difference 
of opinion exists as to the best and most effective 
principle of conveying motion from the source of 
power to the machinery of a mill. The Americans 
prefer leather straps,* and large pulleys or riggers. 

* I hare Beleoted the ward alrap, Instead of belts or bandt, 
aa a term more generally applied to trapping connectora 
iu the northern districta. 
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In this country, and especially in the manufactur- 
ing districts, toothed wheels are almost universally 
employed. In some parts of the South, and in 
London, straps are extensively used ; but in Lan- 
cashire and Yorkshire, where mill-work is carried 
out on a far larger scale, gearing and light shafts 
at high velocities have the preference. Naturally, 
I am of the opinion that the North is right in this 
matter, and that consistently, as I was to a great 
extent the first to introduce that new system of 
gearing which is now general throughout the 
country, and to which I have never heard any 
serious objection. I have been convinced by a 
long experience that there is less loss of power 
through the friction of the journals, in the case of 
geared wheel work, than when straps are employed 
for the transmission of motive power. Carefully 
conducted experiments confirm this view, and it 
is therefore evident which mode of transmission 
is, as a general rule, to be preferred. 

There are certain cases in which it is more con- 
venient to use straps instead of gearing. With 
small engines driving saw-mills, and some other 
machinery where the action is irregular, the strap 
is superior to wheel work, because it lessens the 
shocks incidental to these descriptions of work. 
So, also, when the motive power has been con- 
veyed by wheel work and shafting to the varion? 
floors of a mill, it is best distributed to the m^ 
chines by means of straps. 
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Id some of the American cotton faetories, how- 
ever, there is an immense drum on the first mo- 
tion, with helts or straps from two to three feet 
wide, transmitting the power to various lines of 
shafting, and these in turn through other pulleys 
and straps, giving motion to the machinery. From 
this description it will be seen that the whole of 
the mill is driven hy straps alone, without the 
intervention of gearing. 

The advantages of straps are, the smoothness 
and noiselessness of the motion. Their disadvan- 
tages are, cumbrousness, the expense of their re- 
newal, and the necessity for frequent repairs. They 
are inapplicable in cases where the motion must 
be transmitted in a constant ratio, because, as the 
straps wear slack, they tend to slip over the pul- 
leys, and thus lose time. In other cases, as has 
been observed, this slipping becomes an advan- 
tage, as it reduces the shock of sudden strains, 
and lessens the danger of breaking the machinery. 

Very various materials are employed for straps, 
the most serviceable of all being leather spliced 
with thongs of hide or cement. Gutta percha has 
been employed with the advantage of dispensing 
with joints, but it is aflected by changes of tem- 
perature, and it stretches under great strains. 
Flat straps are almost universally employed, in 
consequence of the property they possess of main- 
taining their position on pulleys, the edge of 
which is slightly convex (fig. 81). Round belts 
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of eatgut or hemp are sometimes used, running 
grooves, which are better made of a 
triangular than a circular section— 
that the belt touchea the pulley in two I 
lines only, tangential to the aides of 
the groove ; in this case the friction 
of the belt is increased in proportion 
to the decrease of the angle of the 
groove. 

The strength of straps must be determined by 
the work they have to transmit. Let a strap trans- 
mit a force of n horses' power at a velocity of v 
feet per minute, then the tension on the driving 



initial tension producing adhesion between the 
belt and pulley. For example, let v be 814'16 
feet per minute, or the velocity of a 24-inch pulley 
at 50 revolutions per minute, and let 3 horses 

, , 33000 X 3 „, „ 
power be transmitted; then — „- . . ^ — = 312 lbs. 

the strain on the pulley due to the force trans- 
mitted 

The following table has been given for deter- 
mining the least width of straps ft>r transmitting 
various amounts of work over different pulleys. 
The velocity of the belt is assumed to be between 
25 and 30 feet per second, and the widths of the 
belts are given in inches. With greater velocities 
the breadth may be proportioiiably fiecreased. 
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Widths op Lrathbr Straps, in 
'kaksmit any Number of IIorse'i' 



H...,P„.,. 


SmalleBt Diameter of Pullej in Feet. 


■ 


' 




' 


' 


' 


' 


■ 


,. 


ao 

60 
70 
BD 
lOD 


360 


25-3 


19S 


6-3 
160 


6-4 

■j-a 


i 


DO 

a;8 

loa 

200 

aflo 


220 


3-6 
14-0 



Toothed Wheek. — The second method of com- 
miinioating motion is hy rolling contact, as ex- 
plained in the preliminary chapter.* But, in 
practice, the adhesion between the surfaces is 
seldom sufBcient to communicate the necessary 
power, and hence various contrivances — such as 
the wheel and trundle, and toothed wheels — have 
been substituted. The general equations for velo- 
city, ratio, etc., are the same as if the wheels rolled 
on each other at the pitch circles, but in fact each 
tooth elides upon its fellow. The determinatiou 
* See page 56. 
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of the best forms of these teeth so that the friction 
shall be a minimum and the motion uniform, ia 
one of the most important contributions of applied 
mathematics to practical engineering. 

Of the introduction of toothed wheels and 
toothed gearing, we know very little. / Hero of 
Alexandria, who wrote two centuries before our 
era, speaks of toothed wheels and toothed bars in 
a way which seems to indicate that he was not 
altogether ignorant of this method of transmitting 
motion. Later forms are figured m greit variety 
in the different collections of mech-inical appli- 
ances of the sixteenth and seventeenth centuries. 

Spur gearing is employed where the axes on 
which the wheels are placed are pirallel to one 
another. The smaller wheel ^ 

in a combination of this sort 
is termed the pinion. An- 
nexed (fig. 82) is a pinion 
from Ramelli (A. D. 1588), 
which from its form, may t 
surmised to be of metal. The 
principle on which spur gear- 
ing is constructed is primarily 
the communication of motion through the rolling 
of two cylinders on one another. The teeth are 
introduced to prevent slipping, and thus to insure 
the regular communication of the motive power. 

In the older wooden wheels, the teeth were 
usually formed of hard wood, and driven into 
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mortises on the peripliery of a wooden wheel. 
The pinions were generally replaced by trundles, 
in which cylindrical staves, fixed at equal dis- 
tances round tlie periphery of two discs, were 
driven by the teeth of the wheel. 

The mortise wheels are still retained in countries 
where iron is expensive, and even in this country 
they are employed in a modified form. Iron 
pinions, with wooden cogs fixed in the periphery, 
are used to receive the motion from the fly-wheels 
of engines, with a view to reduce the noise and to 
increase the smothness of the motion; and many 
millwrights prefer, in all cases where large wheels 
are required to run at high velocities, to make one 
of them a mortise- wheel, with wooden cogs. 

There does not appear to have been much im- 
provement in the construction of wood and iron 
gear since it was first introduced by Mr. Eennie ; 
the only exception being the introduction of a 
machine for cutting out the form of the teeth,* 
which in those days was done by hand, with keys 
or wooden wedges fitting into dovetails in the 
' shanks ' of the cogs, as shown at a, fig. 83, on the 

* Mr. Smtlva states, in liiK ' Lives of the Engineers,' that 
Briiidlej, more than a centnry ago, invented loaehinery 
for the mannfacture of tooth and pinion wheels, 'a thing,' 
aa stated by tlie author, ' that had not before been attempt- 
ed, all sueh wheels having, until then, been out by hand, 
at great labor and cost.' 
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coQcave side of 

the rim ; now they 

are made with an 

iron pin driven 

through the cog, 

close to the rim, 

as at b. The iron 

pinion or wheel intended to work in contact with 

the wood teeth was, up to a recent date, turned 

and carcfdlly divided to the cpicycloidal form, 
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and then cliipped and filed witb great exactitude 
in order to iit accurately into the wooden teett of 
the driving wheel. In all the corn mills of the 
present day, and where great speed is required, 
the same attention to accuracy is observed in 
wood and iron gear aa in former times. 

The greatest advance in the application of gear- 
ing resulted from the introduction, at the end of 
the eighteenth century, of cast iron in place of 
wood. The credit of the introduction of this ma- 
terial is usually given to Smeaton, who began to 
use cast iron in the construction of the Carron 
Rolling Mill, in 1769. But the late Mr. John 
Eennie, when at Boulton and Watt's, in 1784, was 
probably the first to carry the use of cast iron into 
all the details of mill work. Figs. 84, 85 are 
copied from the original designs for the Soho 
PI gj Eoliing Mill, dated 

---" ■ 1785. But the Al- 

I bion Corn Mills, 
buillaboutthesame 
time (1784-5), may 
beconsideredasthe 
I earliest instance of 
the entire replacing 
of wood by cast 
iron for the bevel and spur wheels and shafts. 
This was effected by the same distinguished en- 
gineer. 

Where the shafts of the wheel and pinion are 
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not parallel to each other, various forma of conical 
trundles and bevel wheels, are employed. The 
simplest plan is probably the face wheel and trun- 
dle shown in fig. 86, which have been employed 
from a very early period, and which, if made of 
metal, take tlieform of the crown wheel and pin- 
ion, fig. 87, Where the axes are not at right 
angles, conical trundles- have been used, one of 
which is figured ia Bessoni (A. D. 1578.) 

The most perfect arrangement, however, is that 
in which two wheels called _^__ ^ 

bevel wheels are employed , 
constructed in the form of 
frnsta of cones. These 
were not introduced till 
the middle of the last cen- 
tury, the principles of the 
construction of the teeth 
being due to Camu4(A.D. 
1752). Fig. 88 shows a bevel wheel designed for 
the Rolling Mill at Soho, by the late Mr. Bennie. 
in 1785.* 

* It is evident from the shape of the eye of these wheels, 
flgs. 84, 85, and 88, that tiey were Intended for wooden 
shafts, and that cast iron had not been in nse much before 
that time. At an earlier period, Mr. W. Mnrdoet, of Soho, 
had a. cast iron bevel wheel, which was considered the first 
introduced into Scotland, many years pre'iona to the abore 
date. Mr. Smeaton also had introduced iron wheels at Car- 
roa in 1754, aiid afterwards at a mill at Belper, in Derby- 
shire. (See Suiiles'a "Life of Rennie," page 133. J 
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The smoothness and economy of wlieel work de- 
pend entirely upon the accuracy of the curvature 
of the individual teeth which gear with one an- 
other. Two chief defects result from imperfec- 
ions in their construction : first, the motion con?- 




municated to the driven wheel is irregular, in- 
creasing and diminishing alternately as each tooth 
passes the line of centres ; anil, second, there is an 
unnecessary friction between the teeth in gear, 
resulting not only in losM of power, but also 
causing a great and de.'itrnctive wear in the teeth 
10 
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and journa!a. These defects can only be avoided 
by reducing, as far as praticable, tte size of the 
teetb, and by tbe adoption of true principles in 
Betting out their curvature in the original model. 

To the first cause alone a large part of the per- 
fect action of modern machinery of transmission 
is to be attributed ; but there is moreover no 
doubt that, in practice, even where true principles 
have not been adopted, a considerable approach 
has been made to such forms as theory requires. 
Now, with certain limitations, it is known that if 
any form of tooth be taken for one wheel, there 
can be found another tooth which will work cor- 
rectly with it. But there are certain forms whicb, 
being susceptible of accurate mathematical deter- 
mination, are most convenient for the purpose. 
Camus, in 1762, was the first to work out the pro- 
perties of epicycloidal and hypoeycloidal curves 
when employed in the construction of the teeth of 
spur and bevel gearing. De la Hire adopted the 
same form. Euler, in 1760, and Kacstner, in 1771, 
investigated in a similar manner the properties 
of the involute. Since their time, Ferguson, Bu- 
chanan, Hawkins, Rennie, and Airy, have all con- 
tributed to perfecting the mathematical theory. 
And Professor Willis, amongst other important 
additions, has shown how a close approximation 
to a true form may be made by the adoption of a 
system of circular arcs. 

From 1788, when Rennie completed the A Ibion 
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Mills, to the present time, wood and iron gear 
have been in general use for high velocities, and 
for every description of machinery where smooth- 
ness and accuracy "of motion were required. Mr. 
Rennie was the first to introduce this system ; and 
in most eases he made the driver, or large wheel, 
with wood cogs, and the driven, or pinion, of iron 
" chipped and turned " — that is, every tooth of the 
iron wheel was carefully divided in the pitch, 
having first been turned on the fane and the ends 
of the teeth, and drawn to the epicycloidal form. 
They were then chipped with the hammer and 
chisel, and accurately filed to the required dimen- 
sions and forms. The same process was applied 
to the wooden teeth ; and these wheels, when duly 
prepared, were keyed on their respective shafts, 
and securely fixed in contact in the mill. 

The chipping and filing process has of late 
years been superseded by a cutting machine, 
which eflecta the same purpose, with less risk of 
error ; and the goad old system of a penny an inch, 
as practised in Rennie's time, has been exploded, 
much to the discomfiture of the old millwrights, 
who adhere with great tenacity to the hammer 
and chisel. Fig. 89 shows the cutting machine as 
constructed by Messrs. Peter Fairbairn and Co., of 
Leeds. 

The object of this machine is not only to pitch 
and trim the teeth of a large spur or other wheel, 
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but to turn tte face and sides of the segments 
previously, when bolted to the arms. 

When used as a lathe for turning, the parts in 
use are as follows ; B is a large headstock, carry- 
ing a hollow spindle (C), through which is inserted 
a mandrill upon which the wheel to be cut and 
turned is keyed. Provision is made for carrying 
the other end of this mandrill by a loose fixing. 
The hollow spindle is driven (with the wheel upon 
it) by a worm wheel (J) which is made to run 
loode on the spindle, but which is now by a lock 
bolt connected to the larger worm wheel or divid- 
ing wheel (B), the worm of which is now thrown 
out, and which is keyed firmly on the spindle. 
The necessary speeds are given by the five-speed 
eonb and mitre gear. The tool for turning is held 
in an ordinary slide rest, which moves tranaver- 
sally on a saddle, which slides and is fastened in 
the T groves of two strong beds (A), firmly se- 
cured to masonry, and between which the wheel 
revolves. 

When used for pitching and trimming, the lock 
bolt connecting the two worm wheels is removed, 
and the pitch is given by the train of change 
wheels and division plate (A). The place of the 
slide rest is now taken by a headstock carrying 
two cutters, one for roughing, and the other for 
finishing. 

The finishing rose-outter is the counterpart of 
10* 
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the space between tlie teeth, and is trans verst'd 
across, making both sides of the tooth alike. 

The remainder of the arrangement will be 
obvious from the sketch. The same machine can 
be also readily arranged for cutting worm-wheel 
teeth, or for bevel gear. 

The best form which can be given to the teeth 
of wheels is that which will cause them to be 
always, in regard to the power they mutually 
exert, in equally favorable situations, and, con- 
sequently, will give the machine the property of 
being moved uniformly by a power constantly 
equal. This would be accomplished by simple 
rolling contact, which corresponds with the case 
in which the teeth are infinitely small. 
Definitions. 

1. Spur gearing is that in which the pitch lines 
of the driving and driven wheel are in the same 
plane (fig. 90). 




2. Bevel gearing is that in which the planes of 
the pitch lines of the driving and driven whejl 
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are inclined to each other. In practice, they are 
in most cases at right angles {fig. 91). 

3. Of two wheels in gear, the lesser is called 
the pinion. 

4. When two wheels are in gear, a straight 
line joining their centres is called the line of 



5. If the line of centres he divided into two 
parts, proportionally to the number of teeth in 
the wheel and pinion, these parts are called the 
proportional or primitive radii of the wheel and 
pinion. 

6. The radii of the circles which limit the ex- 
tremities of the teeth are called the true radii. 

7. If, from the centres of the wheel and pinion, 
circles be drawn with radii equal to the primitive 
radii, so that they touch one another in the line 
of centres, the circles are called the pitch lines of 
the wheel and pinion respectively. 

8. The acting surface of a tooth, projecting 
beyond the pitch circle, is called its face; that 
enclosed within the pitch circle, its flank. 

9. The pitch of a wheel is the distance measured 
along the pitch circle from the face of one tooth 
to the corresponding face of the next; it includes, 
therefore, the breadth of a tooth and spaee. For 
two wheels to work in gear, the pitch must be 
the same in each. 

10. Racks are toothed bars in which the pitcl 
line is a straight line. 
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11. In annular wheels the teeth a 
internal edge of an annnlus, or 
ring (fig. 92.) 

In fig. 93, B F ia the line of 
centres ; P A, A B, the primitive 
radii of the wheel and pinion 
respectively ; A K L and A M N 
the pitch lines ; K L and M N, the 
pitch ; F h, the face ; and Q L the flank, of the 
tooth. 

T\g.»3. 





The pitch of Wheels. 
We have seen that the pitch of a wheel is the 
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length of an arc of the pitch line uomprising a 
tooth and space. Millwrights ordinarily measure 
the pitch as a cord of this arc, and, except in 
pinions with very few teeth, the two measure- 
ments sensibly coincide. 

Having the diameter of a wheel, and the nnm 
ber of teeth, the pitch may be found, as follows: 

Let D be the diameter of a wheel, N the number 
of teeth, and p the pitch ; then, as 3-1416 D = the 
circumference of the circle, 

3-1416 I) 

or approximately, 

~ "In 
Conversely, if the pitch of a wheel be given, and 
the number of teeth, then the diameter may be 
found, 

MS 7 s p 

" = 3-1416=-2^"^^^^y- 
And if the pitch and diameter of a wheel be 
given, then the number of teeth may be found, 

3-1416 D 22 D 
N = = -- — nearly. 

But since a wheel must contain a whole number 
of teeth, N may never be a mixed number. If, 
therefore, this equation gives N with a fraction, a 
wheel cannot be constructed of that diameter and 
pitch. In this case, however, by slightly increas- 
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ing or docreasiiig either the diameter or the pitch, 
the necessary conditions may becomphed with. 

In practice it is convenient to limit the number 
of pitches, with a view to the reduction of the 
number of patterns required for casting. Thus, 
the following series gives all the most ordinary 
pitches of my own practice : — 
Spur flywheels, 5, 4J, 4, ^, SJ, 3, 2J, 2, 1| inches. 
Spur and bevel wheels, 5, 4^, 4, 3J, SJ, 3, 2}, 2|, 

2i. 2\, % \l, \\, \\, If, l|, 1^, 1, \ inches. 

Wheels of smaller pitch than this are not used in 

mill-work; but in machines, &c., the following 

pitches would probably be sufficient, viz : 

1, f, (, I I, i, inch. 

The value of rf ^ V ordinarily employed is not 
very accurate ; hence it is convenient to calculate 

the most useful pitches. 

The following table gives these values : 



beforehand the values of oT^vTo ^^^ — :: — ■ fo' 



Pitch in 


81416 


Pitch 


Pll«h in J 


116 


Pitch 


inchei. 


PiSiT. 


3ula. 


i»«l»., p 


^. 




5 


oeisi 


l-SBl* 


iJi 1 


1962 


OBMO 


Y' 


















1J( '. 


OftU 




»H 






IH s 


»« 




3>i 


(I98BB 




IX i 






as 

2« 




0M48 


i^ ? 












)M4 




I'* 


i'3e«3 














0-6368 






0198S 


?J4i 


IS7S6 


06937 


X * 


W3i 
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Rule 1. — Given tbe pitch and Qumber of teeth 
in a wheel to find its diameter. 

Multiply tbe Buniber of teeth hj the constant 
in the third or sixth column of the preceding 
table corresponding to the pitch. 

Eule 2.— Given the pitch and diameter of a 
wheel to find the number of teeth. 

Multiply the diameter by the constant in the 
second or fifth column of the table corresponding 
to the pitch. 

If this rule gives a mixed number, or whole 
number and fraction, a wheel cannot be con- 
structed, as before said. The most convenient 
way of proceeding in that case will be to take the 
nearest whole number to the number given by 
the rule, and, using Rule 1, find a new diameter 
which will differ but slightly from the one pre- 
viously assumed. This new diameter must be 
taken for the pitch circle in constructing the 
■wheel. 

Thus, suppose it required to find tbe diameter 
of a wheel of 2 inches pitch and 150 teeth. By 
Rule 1, we have d = 160 x 0-6366 = 95 J inches 
= 7 ft. Hi inches. 

Or, required the number of teeth in a wheel of 
3 inches pitch and 9 feet diameter. By Rule 2 
N= 108 X 1-0472= 113-097. Here the wheel 
will contain very nearly 113 teeth ; but if we wish 
to know more accurately the diameter of a wheel 
of 3 inches pitch and 113 teeth, we find by the 
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l5t Rule, D = 1 13 X 0'9o48 = 107-89 inches = 8 
feet 11^'u inches. That is, a wheel of exactly 9 
feet coald not be constructed with a 3-inch pitch, 
but one of 8 feet 11,'a inches might and would 
contain 113 teeth. 

Professor Willis has employed another method 
of graduating the sizes of wheels. Suppose the 
diameter, instead of the circumference, to be 
divided into as many equal parts as the wheel has 
teeth, and let one of these parte be called the 
diametral pitch of the wheel, to distinguish it 
from the common or circular pitch. Let M be 
the diametral pitch, so that 



and let a series of values be taken for M in simple 
fractions of an inch, so that 



where N and m are always whole numbers. 

The ordinary values of m are 20, 16, 14, 12, 10, 9, 
8, 7, 6, 5, 4, 3, 2, 1, which include wheels in which 
the circular or common pitch varies from J inch 
to 3 inches, as shown in the following table, given 
by Pr >fe3.sor Willis : 
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C[rculi.r 


Circular 




Ctrcilir 


arculsr 








Value 






ofn. 








]nch«ii and 






cleoiDiMs. 


oQBiilsteenth 




decimals. 


one Biileenth 


3 


1-047 


1 


9 


■349 




4 


■785 


i 


10 


■314 


1*« 


5 


■628 


i 


12 


■262 


i 


6 


■524 


i 


14 


■224 




7 


■449 


A 


16 


■1% 


/« 


8 


■393 


f 


20 


■157 


i 



Since - ^ M, we have M - 



There- 



This system is coo venie lit where wheels of small 
pitch are employed, and involves less calculation 
than the common system. 

P 
' 3-1416" 

fore, in the previous table (p. 118) the quantities in 
the third and sixth columns are the diametral 
pitches corresponding to the circular pitches in 
the first column, and the numbers in the second 
column are the corresponding values of m. In 
fact, this scheme differs from the first simply hy 
expressing in small whole numbers the quantity 

instead of ». 

P ^ 

The following table (pages 122 and 123) gives 
the relation of diameter, pitch, and number of 
teeth, for wheels of from J inch to five inches 
pitch, and of from 12 to 200 teeth. Intermediate 
numbers may be found by direct proportion, by 
multiplying the number given for a wheel of half 
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1 

i 


.-, 


s 




» 


S 


17-12 
18-55 
19-98 
21-41 
22-83 
24-26 
25-69 
27-11 
28-54 
29-97 
31-39 
32-82 
34-25 
36-68 
42-81 
49-95 


- 


^ 


15-28 
16-55 
17-83 
19-10 
20-37 
21-64 
22-92 
24-19 
25-46 
26-74 
28-01 
29-28 
30-56 
31-84 
38-21 
44-57 


? 


s 


13-37 

14-48 
15-60 
16-71 
17-83 
18-94 
20-05 
21-17 
22-28 
23-40 
24-51 
25-62 
26-74 
27-85 
33-42 
38-99 


^ 


g 


12-41 
13 45 

14-48 
15-52 
16-55 
17-59 
18-62 
19-66 
20-69 
21-72 
22-76 
23-79 
24-83 
25-86 
31-04 
36-21 


" 


i 


11-46 
12-41 

13-37 
14-32 
15-28 
16-23 
17-19 
18-14 
19-10 
20-05 
21-01 
21-96 
22-92 
23-87 
28-64 
33-42 


* 




10-50 
11-38 
12-26 
13-13 
14-01 
14-88 
15-76 
16-63 
17-51 
18-38 
19-26 
20-13 
21-01 
21-69 
26-26 
30-64 


s 


1 


9-55 
10-35 

11-14 
11-94 
12-73 
13-53 
14-32 
15-12 
15-92 
16-71 
17-51 
18-30 
18-10 
19-90 
23-87 
27-85 


» 


i 


8-56 
9-28 
9-99 
10-70 
1141 
12-13 
12-84 
13-56 
14-27 
14-98 
15-70 
16-41 
17-12 
17-84 
21-41 
24-97 


- 


i 


7-64 
8-28 
8-91 
9-55 
0-19 
0-82 
1-46 
2-10 
2-73 
3-37 
4-01 
4-64 
5-28 
5-92 
9-10 
2-28 




i 


^ 


6-68 
7-24 
7-80 
8-36 
8-91 
9-47 
10-03 
10-58 
11-14 
11-70 
12-25 
12-81 
13-37 
13-93 
16-71 
19-50 


V 


— ir 
'P 

_i_ 

1 


5-73 
6-21 
6-68 
7-16 
7-64 
8-12 
8-60 
9-08 
9-55 
10-02 
10-50 
10-98 
11-46 
11-94 
14-32 
16-71 


4-77 

5-57 

5-97 
6-37 
6-77 
717 

7-56 
7-96 
8-36 

9-16 

9-96 
11-93 
13-92 


3-82 
414 
446 
4-77 
5-09 
5-41 
5-73 
6-05 
6-36 
6-68 
7-00 
7-32 
7-64 
7-96 
9-55 
U-14 


2-86 
3-10 
3-34 
3-58 
3-82 
4'OG 
4-30 
4-54 
4-77 
5-01 
5-25 
5-49 
5-73 
5-97 
7-16 
8-35 


g||||?|||||||Sg? 


a 
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63-66 
71-62 
79-58 
87-53 
95-49 
103-45 
111-41 
119-36 
127-32 
135-28 
143-23 
15119 
159-15 
175-07 
190-98 
J06-90 
222-81 
238-73 
254-64 
270-56 
286-47 
302-39 
318-30 




50 94 
57-30 
63-67 
70-04 
76-40 
82-77 
89-13 
95-5(1 
101-87 
108-23 
114-60 
120-96 
127-32 
140-05 
152-78 
165-52 
178-25 
L90-98 
203-71 
216-44 
229-18 
241-91 
254-64 


44-56 
60-13 
55-71 
61-28 
6685 
72-42 
77-99 
83-56 
89-13 
94-70 
100-27 
105-84 
111*41 
122-55 
133-69 
144-83 
155-97 
167-12 
178-26 
189-40 
200-54 
211-68 
222-82 


41-38 
46-55 
51-73 
56-90 
62-07 
67-24 
72-42 
77-59 
82-76 
87-93 
93-11 
98-28 
103-45 
113-80 
124-14 
134-50 
144-83 
1.5518 
165-52 
175-87 
186-21 
196-56 
206-90 


38-19 

4-J-97 
47-74 
62-51 
57-29 

62-06 
66-84 
71-61 
76-38 
81-16 
85-93 
90-711 
95-48 
105-03 
114-58 
124-12 
133-67 
143-22 
1.52-77 
162-32 
171-86 
181-41 
190-96 


35-02 
39-39 
43-77 

48-15 
52-52 
56-90 
61-28 
65-66 
70-03 
74-41 
78-78 
8316 
87-64 
96-29 
106-05 
113-80 
122-66 
131-31 
140-06 
148-82 
157-57 
166-33 
17508 


31-&3 
35-81 
39-79 

43-77 
47-75 
51-72 
55-71 
59-69 
63-66 
67-64 
71-62 
75-60 
79-58 
87-54 
95-50 
103-45 
111-41 
119-37 
127-33 
135-29 
143-24 
1-51-20 
159-16 


28-54 
32-11 
35-67 
39-24 
42-81 
46-38 
49-94 
53-51 
57-08 
60-65 
64-21 
67-78 
71-35 
78-48 
85-62 
92-75 
99-89 
107-03 
114-16 
121-29 
128-43 
135-57 
142-70 


25-46 

28*65 
31-83 
35-01 
38-20 
41-38 
44-56 
47-75 
60-93 
54-11 
57-29 
60-47 
63-66 
70-03 
76-39 
82-76 
89-12 
95-49 
101-86 
108-22 
114-59 
120-95 
127-32 


22-28 
25-07 
27-85 
30-64 
33-42 
36-21 
38-99 
41-78 
44-56 
47-35 
50-13 
52-91 
55-70 
61-27 
66-84 
72-41 
7798 
83-55 
89-12 
94:69 
100-26 
105-83 
111-40 


19-10 
21-49 

23-87 
26-26 
28-64 
31-03 
33-42 
35-81 
38-19 
40-58 
42-97 
45-36 
47-74 
62-51 
57-28 
62-06 
66-84 
71-61 
76-38 
81-16 
86-93 
90-71 
95-48 


15-91 
17-90 

19-89 
21-88 
23-87 
25-86 
27-85 
29-84 
31-82 
33-81 
35-80 
37-79 
39-78 
43-76 
47-74 
51-72 
55-70 
59-67 
63-65 
67-63 
71-60 
75-58 
79-56 


12-73 

14-32 
16-91 
17-50 
19-09 
20-68 
22-27 
23-86 
25-46 
27-05 
28*64 
30-23 
31-82 
36-00 
38-18 
41*36 
44-64 
47-73 
50-91 
54-10 
67-28 
60-46 
63-64 


9-54 
10-74 

11-93 
13-12 

14-32 
15-61 
16-70 
n-89 
19-09 
20-28 
21-47 
22-66 
23-86 
26-24 
28-63 
3102 
33-40 
35-79 
38-18 
40-56 
42-95 
4.5-33 
47-72 


6-36 
7-16 

7*96 
8-76 
9-55 
10-34 
11-14 
11-93 
12-73 
13-52 
14-32 
15-11 
15-91 
17-50 
19-09 
20-68 
22-27 
23-86 
25-45 
2704 
28-64 
30-23 
31-82 
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or a third of the mimber of teeth by two or three, 
or by adding together the diameters given for 
two wheels the sum of whose teeth is the number 
required. For an odd number of teeth, add the 
number given at the head of the table as many 
times as may be necessary to the diameter for p 
wheel of the nearest number of teeth given. 

The Principks which Determine the Proper Form 
of the Teeth of Wheels. 

The problem which presents itself in the con- 
struction of the teeth of wheels, is to discover the 
curvature which they should have in order that 
they shall revolve through the action of the teeth 
in precisely the same manner as they would by 
the rolling of the circumferences of their pitch 
lines. 

The general principle by which this uniformity 
of motion is secured is as follows: — When wheels 
in gear act on each other so that a line perpendi- 
cular to the common tangent of the surfaces of 
the teeth at the point of contact passes always 
through the point where the pitch circles cut the 
line of centres, they will exert mutually the same 
force, move with uniform velocity, and be of true 
figure. 

Or, in other words, the teeth will be rightlj 
constructed when a line drawn from the point of 
contact of the pitch circles to the point of contac 
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of two tueth ia a normal to the surfaces in contact 
in all positions of the wheel and pinion. 

Thus, let fig. 93 represent a wheel and pinion 
in gear, and let s A, a f be the primitive radii, 
and therefore A K l and a m n the pitch lines. 
Then if the teeth touch in c and D, and the lines 
A 0, A D be always perpendicular to the common 
tangent to the touching parts, the teeth will be of 
true figure, 

Epicychiilal Teeth 

The epicycloid is the curve traced by a fixed 
point in the circumference of a circle, which rolla 
over or within the circumference of another circle, 
or on a straight line. Thus, let the circle a b c 
be fixed, and let the circle c d b roll over its cir- 
cumference, then a point c in the circumference 
of this the generating circle will describe an 
cycloid c, c', c", o'", c"", without the circle A B c. 
Similarly, a point F on the circumference of a gen^ 
erating circle F a, rolling within the circum- 
ference of A B c will describe an interior epicy- 
cloid or hypocycloid T, f', f", f'". 

The remarkable properties of the epicycloid 
which determine its fitness for describing the teeth 
of wheels are: 1st, when the generating circle is 
half the diameter of the base circle, and rolls 
within it, the hypocycloid is a straight line form- 
ing a diameter of the base ; 2nd, if through the 
points of contaet of the generating circle and the 
11* 
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base, and the point describing the epicycloid, 
straight Sines be drawn, these straight lines will 
be perpendicular to the curvature of the epicycloid 
from the point of contact B to the describing point 
at these points. Thus, for example, B c'" nrawn 




c'", is a normal to the curve at that point ; and 
similarly A f' is a normal to the curve at f'. 

Suppose in the same plane three circles RS Y 
(fig. 95), which touch each other in the point A, 
and whose centres F B fi are consequently in a 
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straight line. Let one of these circles be made to 
revolve round its centre, and force the other two 
to fiirn round their centres, which we suppose to 




oe fixed, moving these circles by the point of 
continual contact A, common to the three circum- 
ferences ; it is evident that all the parts of the 
circumference of the circle made to revolve will 
be applied in sueceasion to every part of the cir- 
cumferences of the other two circles, in the same 
manner as if the two circles R and x remained 
immovable, while the third, y, revolved on the 
circumferences of the other two. Hence, if we 
suppose a style fixed to the circumference of the 
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circle Y, movable round ita centre, the three circlea 
having been obliged to turn by the motioQ of the 
one which has carried along the other two ; when 
the style is at e, each of the two arcs A c and A H 
be made equal to the arc A e, the style will have 
described on the movable plane of the circle E, on 
the exterior part of which it revolves a portion 
c B of an epicycloid, and on the movable plane of 
the circle X, within which we may consider it to 
revol-ve, a portion B h of a hypocycloid. {Gamus.) 

These two epicycloids traced out at the same 
time by the style E affixed to the circle Y, will 
touch each other in the point E ; for the straight 
line A E drawn through A, where the generating 
circle Y touches its bases R and s, will be a normal 
to the two epicycloids. The same will be true in 
every position of the circles, viz.: that the epicy- 
cloid and hypoeycluid will have a common normal 
passing through A. Hence, if e o and k h be the 
faces of two teeth on the wheel and pinion B and 
X respectively, the condition of uniform motion 
already given will be complied with, the teeth will 
be of true form, and if the hypocycloid E H be 
moved by the epicycloid e c, or vice versd, the 
wheel and pinion K and X will move precisely &s 
if they rolled together at their pitch circlea. 

Wheels usually have their teeth constructed of 
such a form, that the flanks or parts within the 
pitch circle are bounded by straight lines radii of 
the pitch circles. Bearing in mind the property 



,1 Google 



WHEtlLS ASD PULLEYS, 12? 

stated, that the hypocycloiil described by 
a generating circle of half the diameter of the base 
is a straight line forming a diameter of the base, 
we may so arrange our generating circle in de- 
scribing the teeth of wheels as to comply with the 
above rale. By taking a generating circle T of 
diameter equal to the radius of the base x, the 
hypoeyaloid E H will be part of a radius of s ; or, 
in other words, a radius B H of s will always 
touch the epicycloid c e described without the 
circle R, by a generating circle Y, of a diameter 
equal to the radius of x. And the angle b k a 
being the angle of a semicircle, will always be a 
right angle. That is, the perpendicular to the 
straight line B H, at the point of contact with 
the epicycloid E c,' will always pass through A, 

We have hitherto supposed the circles moved 
by contact at the point A, in order to explain the 
generation of the epicycloid c & and straight line 
E ii; but if we suppose these already described, 
tlie former being fixed to the circle K, and the 
latter to the circle x ; then if E H roll by contact 
on the epicycloid c E, it will move the circle R 
precisely in the same manner as if the circle 
were moved by contact at a. 

Construction of Epicychidal Teeth. 
Since every tooth in a wheel is of precisely 
the same form, it is sufficient to construct a sin- 
gle pattern tooth of true epicycloidal curvature, 
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which may be used ia setting out ail the other 
teeth . 

Fig. M. 




First method, when the generating circle is the 
same for wheel and pinion, the face of the tooth 
an epicycloid, and the flank a hypocycloid. 

Construct two templets A and B (figs. 96, 97) 
having their facea arcs of the pitch circle of the 
wheel for which the tooth is required, and a third 
templet C cut to an arc of the intended generating 
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circle of the epicycloid. Fix a steel tracing point 
p in the edge of the templet c, and for conveni- 
ence a board F on which to draw the tooth, may 
be fixed beneath the templet B. Mark off on the 
boanl F (fig. 96} the pitch circle of the wheel i» e, 
and take distances a b, b c equal to the pitch of 
the Usvih, and distances a a', b b' equal to the 
thickuess of the teeth. If then the templet C be 




placed touching B, and with the tracing point p 
coinciding with one of the marks as a, and be 
rolled toward E, the point will trace out an epicy- 
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cloid a p on the board F, wliieh will form one 
face of the tooth. Next let the point p be made 
to coincide a', and the templet c be rolled toward 
D, the other face of the tootli will be described. 

To draw the flanks, the templet a must now be 
fixed on the board F, with its face in contact with 
B ; remove B and describe hypocycloids (fig. 97) 
from a and a', by rolling c on the inside of the 
pitch circle. 

The length of the teeth ia usually fixed as a 
proportional part of the pitch, but the least neces- 
sary length may be found experimentally by 
replacing the templet B on the board P, and 
making p coincide with a, roll C toward E till it 
touches B in b, the corresponding face of the next 
tooth ; mark then the position of the tracing point 
and through this point draw an arc from the 
centre g of the wheel : this arc will mark the ex- 
tremity of the tooth, and the arc g p will be the 
true radius of the wheel. 

This process, which, though complicated in 
description, is very easy in practice, must be 
repeated with two templets cut to the pitch circle 
of the pinion, the same generating circle c being 
employed ; a similar pattern tooth will thus be 
found for the pinion, which will work with that 
already found for the wheel. The usual custom 
in practice is for the millwright first to describe 
the epicycloidal and hypocycloidai forms of the 
teeth required in the wheel and pinion ; he then 
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constructs two model teeth, one for the wheel aud 
the other for the pinion, and from these he deter- 
mioea the true curves, and by means of his com- 
pastes transfers the same to the wheels or patterns 
on which these forms are to be impressed. The 
generating circle, it may be observed, must not 
exceed in size the radius of the pinion, or it 
would give rise to a weak form of tooth, thinner 
at the root than at the pitch circle. 

Second method, where two generating circles are 
employed, in order that the flanks of the teeth 
may be straight lines radii of the wheel and 
pinion respectively. 

It is the usual practice of millwrights to make 
the parts of the teeth of wheels within the pitch 
circles radii of the wheel. Now, we have seen 
that a hypocycloid described by a generating 
circle equal in diameter to the radius of the 
wheel would be a diameter of the wheeh If, 
therefore, the flank of the tooth of the wheel and 
the face of the tooth of the pinion be described 
by a templet cut to a" radius equal to half that of 
the wheel and the flank of the tooth of the pinion 
and face of that of the wheel be described by a 
templet cut to a radius equal to half that of the 
pinion, then these teeth will work together truly, 
and will have radial flanks. 

Since it is unnecessary to describe the flanks of 
such teeth by templets, there will be needed only 
one templet cut to the pitch circle of each wheel, 
12 
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but templets of two generating circles are re- 
quired. In other respects the method ia identical 
with that already described. The great defect of 
this method is, that neither the wheel nor pinion 
will work accurately with a wheel or pinion of 
any other diameter than that for which they were 
originally made, and thus a vast number of wheel 
patterns must be made to fulfil the requirements 
of practice ; whereas wheels described by the 
previous method will work equally well with all 
other wheels the teeth of which have been de- 
scribed by the same generating circle — it being 
understood that only the parts of teeth without the 
pitch circle of the wheel roU on the parts within 
the pitch circle of the pinion, and those without 
the pitch circle of the pinion on those within the 
pitch circle of the wheel. 

Hence Professor Willis has been led to suggest 
that for a given set of wheels a constant generat- 
ing circle should be taken to describe both the 
parts without and within the pitch circles of the 
whole series, instead of making that circle depend 
on the diameters of the wheels. In this case the 
first solution must be employed, and the flanks 
of the teeth will not be straight; but the great 
advantage is gained, that any pair of wheels in 
the series will work together equally well. 

To determina the proper size of the generating 
circle, we must remember that a tooth of weak 
form is produced when the generating circle is 
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greater than half the diameter of the wheel. 
Hence the generating circle may be best made of 
a diameter equal to the radius of the smallest 
pinion of the series which are to work together. 

The Rack is the extreme case of a wheel, or 
may be considered as a wheel of infinite radius. 
Tt may be described by either of the methods 
above, only noting that, if the second method be 
employed, the generating circle which traces the 
face of the teeth of the wheel becomes a straight 
line, and the epicycloid becomes an involute. 

If the teeth of a series of wheels and of a rack 
be desaribed by the same generating circle, any 
of the wheels will work with -equal accuracy into 
the rack. 

Involute Teeth. 

The Involute. — The curve traced by a flexible 
line unwinding from the circumference of a circle, 
is called an involute. 

Let p and w (fig. 98) be the pitch lines of a 
wheel and pinion, and let a and B i>e their centres. 
From A and B describe two circles D c, with radii 
A 5 and B 5 of the wheel and pinion r^ispectively ; 
so that 

A c : B c : : A D : B c 
Let m n and op be two involute curves described 
by flexible lines unrolling from the circles D and 
C respectively, and touching at b. Then if i c, fi D 
be drawn tangents to the circles at the points d 
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and c, they are also in one straight line, because 
they are both normals to the curves at b. It may 
also be shown that the line C D intersects A B in c, 
where the pituh lines touch. Hence we have 
found two eurvea such, that the line perpendi- 




cular to their common tangent passes in all posi- 
tions of the wheel and pinion through c, which is 
the sufficient condition of their uniform motion, 
if moved by the sUding of the curves instead of 
by contact at c. Hence, if the wheels be con 
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Btructed witli teeth formed to tliese luvolate 
curves, they will work with perfect regularity of 
motion. 

In practice, tlie chief condition to be observed 
is to diminish the pressure on the axes, which ia 
the chief defect of this form of teeth. The com 
moQ tangent should be drawn through e, making 
an angle with A B, not deviating more than 20" 
from a right angle. Involute wheels have the 
double advantage that they work equally well if, 
through the wear of' the brasses, the wheels have 
receded from one another; and any involute 
wheels of the same pitch and similarly described 
— that ia, having the common tangent to the base 
circles passing through the point of contact of 
the pitch lines ; or, in other words, base circles 
proportional to the primitive radii — will work 
together. 

Mr, Hawkins, the translator of Camxis, iirst 
proposed a simple instrument for describing the 
teeth of wheels to an involute curve. It consists 
of a straight piece of watch-spring a h (fig. 99), 
with a screw at one end, and filed away at the 
edges so as to leave two teeth or tracers, c c, pro- 
jecting from the edges of the watch-spring. At 
b a bit of wire ia put through, and riveted, so as 
to form a knot by which the spring can be firmly 
held and stretched, as it is unwound from the base 
on which the involute is generated. This watch- 



spring is screwed to the edge of a templet A, 
12* 
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curved to the radius of the base eirole of the in 
volute; and thia being placed so that its centre 
coincides with the centre of the wheel, and re- 
volved to bring one of the tracing points c in 
succession to each of the points at which corres- 
ponding faces of the teeth cut the pitch line, a 




series of involute curves may be described by 
unfolding the watch-spring, whilst keeping it 
firmly stretched tangentiallj to the sector to which 
it is fixed. The sector A must then be turned 
over, and the involutes of the opposite faces of 
the teeth struck in a similar manner. 

Another plan is to employ a straight ruler in- 
stead of the watch-spring, a tracer being fixed in 
its edge. This shows that the involute is an epi- 
cycloid generated by a straight line. The ruler 
must be kept in contact with the base circle, and 
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tlie tracer brought in succession to all tlie point; 
in which the faces of the teeth cut the pitc|i line. 

Hence, to describe a wheel with involute teeth, 
the line of centres must be be drawn and divided 
proportionally to the number of teeth in the wheel 
and pinion. Draw the pitch line; divide the 
pitch line into the same number of equal parts as 
thera are teeth in the wheel, and at these points 
mark out the thicknesses of the teeth all round. 
Draw the tangent to the base circles, making an 
angle of about 80° with the line of centres, which 
will give the radius of the base circle drawn 
touching it. A ternplet must be made to this 
radius, and then the involutes may be drawn by 
either of the preceding methods. 

Allowance must be made to permit free play oi 
the teeth in the spaces, the teeth being somewhat 
shorter than the distance between the bases of the 
involutes. But wheels of this figure require but 
little play in the engagement. 

In the case of racks, the rack -teeth are bounded 
by straight lines perpendicular to the tangent 
drawn from the point where the pitch lines touch, 
to the base circle from v/hich the involutes of the 
wheel are struck. If the teeth of the rack be 
made rectsmgular — that is, bounded by lines per- 
pendicular to the pitch line — the involute must be 
struck from a base circle equal to the pitch circle 
of the wheel. la the former case there is a down- 
ward pressure on the rack ; in the latter, the teeth 
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of tlie wheel touch those of the rack in a single 
point — namely, the pitch line of the latter. 

Professor Willis's Method of Sinking the Teeth of 
W'lteeU. 

In practice, the custom of describing the teeth 
of wheels as arcs of circles, has, from its simplic- 
ity, been generally adopted. The methods already 
given, however simple, when adopted in the form- 
ation of a single tooth, become tedious in their 
application to wheels of large size ; and to this 
must be added the imperfect comprehension of 
their advantages by the millwrights charged with 
the task of designing wheel patterns. 

Circular arcs struck at random, according to the 
judgment of the millwright, are often employed ; 
and even where better principles have been intro- 
duced, it is common, after describing a single 
tooth accurately, to find by trial a circular arc 
nearly corresponding with its curve, and to em- 
ploy this in marking out the cogs of the required 
wheel. 

Seeing the advantages of the circular arc, and 
believing that it is not objectionable if only the 
employment of it is guided by true principles, 
Professor Willis has rendered this ^eat service 
to practical mechanics — he has shown how, by a 
simple construction, the arcs of circles may be 
found, which, used in the construction of the teeth 
of wheels, will work truly on each other. 
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Let A B (fig. 100) be the centres of a wheel and 
pinion, and C the point of contact of the pitch 
circles on the line of centres. Through c draw 
ccc at any angle with A B. Assume c as the 
centre from which to describe an arc for a tooth 
of the wheel a. Draw c D perpendicular to c c c', 
and from A through c draw a c D, meeting c D in 




D. Lastly, from D through B draw D E c, meeting 
ccc'inc'. Then a small arc drawn from c with 
radius c c as a tooth for the wheel a, will work 
correctly with a small arc drawn from c', wif.h a 
radius c' C as a tooth for the wheel B.* 

Professor Willis recommends 75° 30' as tbe 
best magnitude of the angle Acc, so that Cos. 75" 
30' = J. If this angle be constant in a set of 
wheels, any two will work truly together. 

* WiUis'B "Principles of MeohaiiiBm," p. 123. 
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For tliu t.:;i.sier description of these teeth, Pro- 
fessor Willis has invented the odontograph, a 
simple instrument of graduated card or wood, by 
which tlie position of the centres and radii of the 
arcs of the teeth can very easily be found. This 
instrument* is of the form shown in fig. 101, of 
half its proper lineal dimensions. It has the bot- 
tom edge bevelled oft' at an angle of 75°. The 
point where this would out the right-hand edge is 
the zero of the soales. These scales are graduated 
to twentieths of an inoh, to avoid fractional parts 
in the tables, and depart in each direction from 
the zero, the upper being that employed in find- 
ing the centres of the flanks of the teeth or parts 
within the pitch circle, and the lower for finding 
the centres of the faces of the teeth or parts with- 
out the pitch circle. Tables are given on the 
odontograph for finding the graduation on the 
scale corresponding to any given pitch and num- 
ber of teeth. For intermediate pilches, not given 
in the table, or for wheels of greater size, the cor- 
responding numbers can be found by simple pro- 
portion. For wheels of only twelve teeth the 
flanks are straight, and form parts of radii of the 
pitch circle. 

In fig. 102, let A be the centre of a wheel, Kdh 
the pitch line. Set off K L equal to the pitch, and 

•Professor Willis's Oiloiitcigrapli may ha obtained of 
M<iB»rs. Holtznpfel of London. 
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bisect it in d. Draw radii A K, A L. Place the odon- 
tograpli with its bevelled edge on the radius A K, 
and zero of the scale on the piteh line. Then look 
out in the table of centres for the flanks of teeth, 
the number corresponding to the pitch, and re- 
quired number of teeth, and mark off this point A, 




from the scale of centres for the flanks of teeth. 
Then remove the odontograph, and similarly place 
it on the radius A L. Find in the table of centres 
for the faces of the teeth the number correspond- 
ing to the pitch and number of teeth in the wheel, 
and mark it off at/ on the scale for centres of the 
faces of teeth. Then describe two arcs from h 
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and /, with h d and / d as radii ; tliese will form 
the side of a tooth. Then, from d let the pitch 
line be marked off into as many equal spaces as 
there are teeth in the wheel, and these be divided 
proportionally to the widths of the teeth and 
spaces. Through h, and/, with radii a h and a/ 
draw circles. Take A ci as a radius, and, placing 
one foot of the compass on the divisions of the 
pitch line, and the other lu the circle drawn 
through A, describe a series of arcs forming the 
flanks of the teeth. Similarly with radius f d, 
and one leg of the compaas on the circle drawn 
through/ describe the faces of the teeth. 

For an annular wheel the same rules apply, 
only that the part of the curve which is face in a 
spur wheel becomes the flank inan annular wheel, 
and vixx versa.. For a rack,_ the pitch line is 
straight, and A k, a l are parallel and perpen- 
dicular to it, at a distance equ^l to the pitch. 

As these odontographs may be purchased in a 
very convenient form, with tables for their use, 
and also with tables of the widths of teeth, and 
spaces and length of teeth within and without the 
pitch circle, it is not necessary to describe them 
in further detail here. 

General Form and Proportions of Ttelh of Wheels. 

The following have been drawn as a series of 

wheels and racks to illustrate the genera! form of 

the teeth of wheels. The pitch in 6g3. 103, 104, 
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105, and 106 is one inch, and that in 0g. 107 ia 
2} inches. 

In figs. 103, 104, 105, and 106 the wheel ia 19-1 
inchea diameter ; in fig. 107 it is 13 feet diameter. 

Fig. 103 represents the form of tlie teeth on 
Professor Willis's system, the curves being area of 
circlea. Fig. 104 gives the form of epicycloidal 
teeth, struck by a aingle generating circle rolled 
without the pitch circle for the facea, and within 
it for the flanks. This is the best system, aa any 
pair of wheels ao struck, with the same generating 
circle, and of equal pitch, will work together. Fig. 
105 shows the common form of epicycloidal teeth, 
the flanks being straight. In this case the faces of 
the rack are struck by a generating circle half 
the diameter of the wheel, and the faces of the 
wheel, being obtained by a generating circle of 
infinite diameter or straight line, become invo- 
lutes. Fig. 106 gives the form of teeth described 
as involutes, the curve being continuous, and, in 
the case of the rack, a straight line perpendicular 
to the tangent to the base circle. In these teeth 
it is possible to work with very little play. They 
are a good form for wheel and rack working to- 
gether, the pressure on the journals being, in this 
case, less objectionable. Fig. 107 shows the teeth 
of a large wheel, traced from one of my own pat 
terns, to exhibit the form and proportion which 
practice has shown to be desirable. 

Id these teeth the pitch c d being 2^ inches, tha 
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depth of the tooth or distance a i is 'g*tlisor Jtbaof 
the pitch. The proportions of the parts may be 
given as follows: — 

Pitch 

Depth 

Working depth = 

Olearance = 

Thicknetis — 

Width of space = 

Playnr/rf. c/ 

Length be^'ond pitch line = 

Taking these proportions we may construct a 
scale which shall give directly the corresponding 
numbers for any pitch. Taking a vertical line, 
and dividing it into eighths of an inch, we get the 
scale of pitiihea, (fig. 108.) Draw lines perpendic- 
ular to this, and on any one of them mark off a 
series of distances equal to the clearance, depth, 
tbickncBa, etc., of the teeth corresponding to that 
pitch. Through and these points draw the lines 
shown in the figure; they will divide the lines 
corresponding to all other pitches in the same 
proportion. 

It is usual to allow a greater amount of clear- 
ance in small wheels than is necessary in large 
ones. Very varying proportions have been given 
by different millwrights, toth, I'jth, ^'sth, and s'dth 
of the pitch having been used in different circum- 
Btances, even with the best mill-work. In the 
Hcale (iig. 108,) this has to a certain extent been 
taken into acouut ; ^'oth of the pitch is allowed 
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in smaller wlieels, decreasing to ■^^t]\ in the 
largest; hence the lines are not absolutely 
straight, but are slightly curved, except that for 
the whole depth of the tooth, which quantity has 
been assumed to vary directly as the pitch. 

Assuming that this scale represents with suffi 
cient accuracy the proportions which practice 
shows to be best io average cases, we may 
construct a table for the guidance of the mill- 
wright. From this he must vary in cases where 



Tablkb of Phoportions of 


Tbkth 


F Wheels for 
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Deplh 


Peplh 
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X^L- 


i.p.''h° 
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'■'""■ 
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■22 
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■08 


■25 
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■33 
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■45 


■55 
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■82 


H 
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■95 
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153 


■92 
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1-04 
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1-91 
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1-35 
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2-10 
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22 


104 
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2-26 


2-49 
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1^62 
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it appears necessary to allow more for defects of 
workmanship, or to permit less "backlash;"* it 
being understood that the table will only apply in 
cases where the teeth are formed with an approxi- 
mation to the true mathematical figure. 

In wood and iron gear where the teeth are care- 
fully cut, very little if any clearance is necessary, 
as they work much better when the tooth of each 
wheel fills their allotted spaces. It is, however, 
different where wheels have to gear together di- 
rect from the foundry, where the teeth are not 
unfrequently deranged in the act of moulding in 
the sand. 

This table gives the number to the nearest hun- 
dredth of an inch. It may be converted into the 
ordinary scale of eights by the following table : — 





TbirW SHond. of in Incl. 


1 1 


' 


• 


' 


• 


» 


10 


°°K:r:S'" 


„ 


J.. 


•1» 




.... 




•S30 


■281 


„^ 



As, unfortunately, decimal scales are not yet 
much used by millwrights, the following table has 
been prepared, giving the numbers in the preced- 
ing table in thirty seconds of an inch, such changes 



I the back of tha 
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being made as will reduce as much as possible tbe 
errors of employing this rough standard. The 
former table is to be preferred where it can be 
used, but in other cases the following one may be 
relied on. The left-hand figures in each column 
are inches, the right-hand ones thirty seconds of 
an inch, the denominators of the fraction being 
omitted. 



Teeth of WHBEi.a 
Seconds of an Ikch. 
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19 
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1 10 


25 


2 


5 


22 


27 


1 12 


1 17 


29 


2 


5 


25 
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1 18 


I 23 


1 1 


2 


5 


28 


33 


1 24 


1 29 


1 5 


2 


6 


31 


37 


1 30 


2 4 


1 8 


3 


1 


1 1 


1 8 


2 2 


2 9 


112 


H 


7 


I 4 


111 


2 8 


2 15 


1 16 


H 


8 


1 7 


115 


2 14 


2 22 


1 20 


4 


8 


110 


118 


2 20 


2 28 


123 


4 


9 


1 12 


121 


2 24 


3 1 


127 


^ 


10 


118 


128 


3 4 


3 14 
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5 
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Bevel Wheek. 
Hitherto v/e have considered only that case of 
toothed wheels in which the pitch lines are in one 
plane. We have now to examine the modifica- 
tions which are necessary when the axes of the 
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wheel and pinion are inclined. It was shown in 
the preliminary chapter* that in this case motion 
might be transmitted bj the rolhng contact of the 
fru3tra of two conea. If, therefore, teeth be ap- 
plied to these frustra, in the same manner as in 
spur gearing, they are attached to cylindrical sur- 
faces, bevel gearing will be formed acting on the 
same principles of sliding contact which we have 
already discussed. 

Let A B c, A c D (fig. 109) be two cones rolling 
in contact ; take any other cone ABC also rolling 
in contact with A B c, in the line A 0. As these 
cones roll together, the generating cone A b c will 
describe an epicycloidal surface p qrs on the out- 
side of the cone A c d, and a hypocycloidal sur- 
face ^ i t> * on the inside of the cone A c o. 
These surfaces will touch in the Iine_p s, and will 
have a plane normal to their common tangent 
passing through A c. If, therefore, these surfaces 
be attached respectively to the cones A B c, A d, 
and the motion of one cone be communicated to 
the other through the sliding contact of these sur- 
faces, the motion will be uniform, as if the cones 
were driven by rolling contact at A c. 

The curves J) (, p q, lie in reality on the surface 
of a sphere of a radius equal to a c ; but in prac- 
tice, in bevel wheels, a small frustrum of a cone, 
tangential to the sphere at the circumference of 

• See p. 66, i 8S, es. 
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the pitch line, is autstituted for the spherical seg- 
ment. Thus draw f c G (fig, 109) perpendicular 
to A c, cutting the axes of the conea in F and G. 
Let these lines revolve over the pitch lines of the 
cones and describe the narrow frustra. Then the 
epicjcloidal surfaces may, without sensible error, 
be supposed to lie in these frustra, and to be gen- 
erated there by the revolution of a generating 
circle C B. 

Imagine the surface of these frustra to be un- 
wrapped so as to lie in one plane, they will form 
parts of circular annulj. Thus let A B c, A C D 
(fig. 110), be two conical frustra; draw F C Q as 
before, perpendicular to the line of contact A c. 
From G, with radii o H, G c, and G K, describe the 
circles K L, c M, H N; and from F, with radii F K, 
F c, F H, describe similar circles K p, c Q, H B • 
then the surfaces E f b H and E l N h will be de- 
velopements of the frustra c D, c B. Let these be 
treated as spur wheels, and c Q, c m being treated 
as the pitch lines, let teeth be described by a de- 
scribing circle in the method already explained 
for epicycloidal or other teeth. If, then, the plane 
on which these have been described, and which 
we suppose of drawing paper or other flexible 
material, be cut along the arcs k p, H b, k l, h N, 
the circular annuli may be wrapped round the 
frustra c B, c D, and the forms of the teeth traced 
off upon them. 
" The axes of bevel wheels are in practice, in 
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tte great generality of cases, at right angles. 
!^g. Ill shows such a pair of bevels, with the 
frustra of the extremity of the teeth developed in 
the manner described. 

Skew Seveh. 

When two axes or shafts, which have to be 

connected by bevel wheels, do not meet in direc- 
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tioii, it is UHual, as stated in tlie prcliiniiiaiy olia|j- 
ter,* to mtroduco an iiitemiodiato bevel wlicol 




with two fru: ' i 3ime object can mora 

easily bo accomphsbcd hj vloptuig skew bevclM. 

Lot B pq (fig. Ill) be tlie place of one ol' the 
two frustra, a its centre, and a e tlio shortest dis- 
tance between tlio axis of ap q, and the axis of 
the wtieel to be eoiuieoted with it. Divide « e iit 
c, HO that ac:ec:\ mean radi iis of A B c : mean 
vadins of fpustnim working witli a h o, Draw 
c p 2 perpendicular to a e, then c p or c q \% the 
line of action of the teeth, according to the di- 
rection in which Uio teeth are laid ont in the 
pinion. 

Figure 112 shows two wheels hiid out in this 
manner ; a e, as before, is the eccentiieity or 
shortest distance between the two shafts, and is 

* Sbo l>aga 08, § 70, "ri. 
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divided iti c proportionally to the mean radii of 
tlie wheels; with centre « and radius « c deseribe 
a circle, and draw e d perpondioular to a e. Take 




f".. ....jirai^: 
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lif = ce, then c^ wiU bo tho centre of tlie other 
wheel, ]''rorn centre </, with ratlius/ d, describe a 
circle. Thou tlie directions of all tlio teeth in 
A li c will bo tangenta to tho circle desuribed 
iibont a, and tlio directions of all tho teeth in 
I) K F will bo tan{;ont3 to tho circle deaoribod 
about/. Fig, 113 shows two sueh wheels in 
gcftr, the eccentrloity pei initting tho shafts to pa** 
each other. 




The Worm and Wheel. 

IJy thi« contrivance the motion of a screw is 
Gommunicatod with great itrmiothncKt to obliqiui 
teotli on a apur wheel. 

The seution of a screw through its axis is pre- 
cisely similar to that of u double tack. Let A li 
be sach a section, and for simplicity supposo that 
the form of tho tli(e..'ls nf th.' sci.-w Sum \nw, d«- 
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tormined by one of. tbc rules already given for 
racks. Thou the teeth of the wheel ens may 
evidently be formed mo as to work with thtj cen- 




tre section of the screw. Now tl>e effect of tli» 
revolution of the screw is precisely similar to 
that of the racks, and the sections of the threads 
of the screw will appear to travel from end to 
isnd, in the same wuy as a rack pushed forward 
in the same direction. If, therefore, it is suffi- 
cient that the wheel teeth be in contnct with the 
screw at one point only, the teeth of the wheel 
may be made obliciue, but straight, the obliquity 
being equal to the pitch of the screw. This is 
the usual practice of millwrights. I^ however, 
the teeth are required lo bo in coiititct with the 
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entire breadth of the tootli, the outline of the 
tooth must vary in every section of the wheel, 
and the process of describing these teeth becomes 
very complex. Practically, the difficulty has 
been overcome by first making a pattern screw of 
steel, notched in the threads to convert it into a 
cutting instrument. The wheel is then roughly 
cut out, and being fixed in a frame, the screw ia 
used to cut out the spaces between the teeth to 
their true form. 

Strength of the Tteth of Wheels. 

The pressure on the teeth varies directly as the 
horse -power transmitted and inversely as the 
velocity of revolution. Thusif one wheel transmit 
5 horse-power and another 10 horae-power at the 
same velocity, the strain on the latter will be 
twice that on the former. Or, again, if two 
wheels transmit the same power, but one at a 
velocity of 100 feet per minute, and the other at 
only 25 feet per minute, the strain on the former 
will be only one-fourth that on the latter. 

Let V be the velocity in feet per second, H the 
number of horsij-powyr transmitted, then the 
total pressure on the wheels will be — 
_ 550h 

V 

where p is the statical pressure in lbs. 

For example, suppose the fly-wheel of an en 
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giEe to be 24; feet in diameter, aod to work into a 
pioion 5 feet diameter. And let tbe work trans- 
mitted be 150 borse-power. Then, if tbe wheel 
makes 25 revolntioas per minute, the periphery 
, . 75-4 X 25 „,.!.. 

will move at a velocity of — g^ — = ol-4 teet 

per second; and tbe statical pressure on the teeth 

.„ , 550 y. 150 
will be gy;2 — = ^"^' ^'^^■ 

Iq addition to statical preaaure, however, a dif- 
ferent element haa to be taken into account, name- 
ly, tbe impacts due to sudden accelerations or re- 
tardations of speed. The allowance which must 
be made to prevent accident from this cause 
varies exceedingly in different kinds of ma- 
chinery. It is great in the gearing of rolling 
mills for instance, and in all machinery in which 
the strains are irregular. 

In calculating the strength of the tooth, it baa 
been usual to consider ft 
as a short beam fixed at 
one end, and having the 
whole of the pressure ap- 
plied along the extremity 
of tbe tooth. But there is 
a position in which the 
teeth may be subjected to ' — ^ y""' 

ft severer stress still ; ow- '-... ^. J 

ing to the wear of brasses 
vlA teeth, we cannot calculate upon the strain 
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bearing always on the whole breadth of the tooth. 
The presaure may not only come on to the extre- 
mity of a tooth, but if any obstruction come id 
between the teeth, it may be thrown entirely upon 
one corner of the tooth. In such a case it may 
be shown, by the rules of maxima and minima, 
that if E c = C B, the greatest stress will be near 
the line E B. 

Tredgold has expressed the strength of a tooth 
on this supposition by the formula 

where d is the thickness of the tooth. To allow 
for wear, however, he adds one-third, so that 
/d'{l~if _/d' 
^ ~ 5 10-25 

In cast-iron/= 15,300, and hence 

^ 1500 
Or in words, the thickness necessary for the tooth 
or inches is equal to the square root of the stress 
on the tooth in pounds divided by 1500. Hence 
Tredgold has computed the following table, the 
breadths of the teeth being deduced, on the prin- 
ciple that the stress should not exceed 400 lbs. 
per inch breadth : — 
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a Pitch or Teeth o» 
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4t)0 


53 


1 


M 


800 


73 


2 


1-5 


1,200 


90 


3 


1'9 


1,600 1 


03 


4 


2-2 


3,000 1 


15 


5 


2-4 


2,400 1 


26 


6 


2-1 


2,800 1 


36 


7 


2-9 


3,200 1 


46 


8 


3'0 


3,600 1 


56 


9 


33 


4.000 1 


64 


10 


34 


4,400 _ 1 


70 


11 


3'6 


4,800 1 


78 


12 


3-7 


5.200 1 


86 


13 


3-9 


5.600 1 


93 


14 


40 


6,000 2 


00 


15 


4-2 



To use this table when the horses' power trans- 
mitted by the wheel are known, the reader must 
refer to the table on page 172. 

Elsewhere Tredgold has given a rule of the fol- 
lowing description : — 

(/ = J ^ - for cast-iron, 

where d is the requisite thickness of a tooth to 
transmit a force of H horses at a velocity v feet 
per second. 

Hence Tredgold's last rule for the thickness of 
cast-iron teeth is as follows — " Find the number 
of horses' power transmitted by the wheel, and 
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divide that number by the velocity in feet per 
second of the pitch line of the pinion or wheel; 
extract the square root of the quotient, and three 
fourths of tliis root will be the least thickness of 
cast-iron teeth for the wheel or pinion." From 
this he derives a second rule for the pitch, which 
manifestly depends on the thickness of the tooth, 
namely, multiply the thickness of the tooth by 2-1 
and the product will be the pitch. The same re- 
sult may be obtained from inspection of the tables 
I have gtven at pages 154, 156. Wooden teeth 
h-3 recommends to he made of twice the thickness 
of cast-iron ones. But one -and -a- half times the 
thickness is a suiEcient allowance. 

A writer in the " Engineer and Machinists' As- 
sistant " deduces another but equally simple rule 
for the thickness of teeth; he assumes the rela- 
tion 

where ( is the thickness of the tooth, w the pres- 
sure on the tooth and c a constant, depending on 
the nature of the material. Let then a be the 
strength of a bar 1 inch long, 1 broad, and 1 thick. 
Then, to support a weight w by a bar of a length 
I, and breadth b, 



-J^ 



a X 6 

suppose the breadth of the tooth to he fixed at 
twice its length ; 
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Taking a = 8000 Iba. for cast-iron, 2 a = 16,000 
lbs., but as this is the breaking weight, the safe 
working-pressure will be only 1600 lbs., and the 
thickness of the tooth for safe working will be for 
cast-iron : 

( = J ^ = 0-025 w. 
^ 1600 ^ 

Where w being given in lbs. ; is found in inches. 
Similarly for other materials he obtains: 

c ^ ■035 for brass, 
= -038 ibr hard wood. 

For example, in the wheel assumed at p. 164, 
w was found to be 2627 lbs. Hence the necessary 
thickness of the tooth, if of cast-iron, would be 
■025 ^2627 = 1-28 inches. Eeferring to the tables 
of the relation of pitch, etc., we find that the wheel 
must be of 2| inches pitch, the teeth of 2-1 inches 
length, and the breadth of the wheel 2'1 X 2 ^ 4'2 
inches at the least. By Tredgold's latter rule, the 
thickness of the teeth for the same wheel would 

he i = f Jl£^ = 1-41 inches; the pitch 
= 21 X 1-41 = 3-0 inches, and the breadth 
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Bearing in mind that w = 

maximum borse-power transmttteiJ, and v the velo- 
city of tlie pitch line of the wheel in feet per 30- 
cond, we may give these formulae in a more 
convenient form : 



'^- 



Where x = 0'587 for east-iron, 

" =0-821 for brass, 

" =0-891 for wood. 

Conversely, if a wheel having teeth ( inches 

thielt be given, the horse power it is capable of 

transmitting is given by the formula : 



Where x* = 344 for cast-iron, 

= 0-674 for brass, 

= 0-7fl5 for wood. 
From the following table the pressure at other 
velocities, and with another amonnt of horse- power, 
may be obtained by interpolation, remembering 
that the pressure varies inversely as the former, 
and directly as the latter. To this we have ap- 
pended another table, giving the horsea' power, 
which can be safely transmitted by wheels of dif- 
ferent pitches when proportioned according to the 
table at page 15i. The last of these tables has 
been calculated on the assumption that 400 lbs, 
per inch is the greatest working stress which la 
consistent with durability in ordinary cases. 
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STRENGTH AND PBOPOBTIONS OF SHAFTS. 17u 



CHAPTEH III. 

AND PSOPOHTIONB OK SHAFTS. 

The system of transmitting power from a com 
mon centre to a large number of machines, at 
some distance, is comparatively modem. In the 
operations of spinning and weaving by a consecu- 
tive series of machines, placed in rows, shafting 
became essential for distributing the power of the 
common prime mover. At first, the machines 
were brought as close to the prime mover as pos- 
sible ; and the early construction of mills — when 
the water-power was divided into separate falls — 
must be fresh in the recollection of many persons 
now living. In some cases, before the introduc- 
tion of the steam engine, it was the custom to 
have a separate water-wheel to every machine, 
thus splitting up the power into as many parts as 
there were machines, or pairs of machines, to 
drive. In process of time, it was found more con- 
venient, on the score of economy, to husband the 
water and concentrate the prime movers ; hence 
one large water-wheel was constructed, around 
which the machinery was arranged, either in rows 
or otherwise as best suited the work to be per 
formed. 

This principle, of the concentration of the mo 
tive power, destroyed the old system of separata 
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buildings, and led to the employment of a large 
number of machines for the various processes of 
manufacture in one building. From this we de- 
rive the Factory system, in which any number of 
processes are carried on, the machinery being dis- 
tributed over the different floors of a large build- 
ing, and receiving motion from a single prime 
mover at a convenient distance. In this way, the 
power is conveyed by lines of shafting coupled 
together in lengths, adapted to the bays or divis- 
ions of the building. At first, the buildings were 
short, and shafting of great length was not re- 
quired ; gradually, more and more machines were 
concentrated in the same building, and shafting of 
200 or 300 feet in length became necessary. To 
show to what an extent this system has been car- 
ried, it may be mentioned that, in the large mills at 
Saltaire, the shafting, if placed in a single line, 
would extend for a distance of more than two 
miles. This progress has been chiefly due to the 
introduction of the steam engine, in place of water- 
wheels, because the available power is no longer 
limited by the circumstances of the locality in 
whijih the mill is placed. 

This concentration of a great number of ma- 
chines ia one building is peculiar to the Factory 
system ; and in the present highly -improved state 
of mechanical science and its application to the 
production of textile fabrics, it has become essen- 
tial to economy in the manufacturing processes, 
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that they should be carried on in the same build- 
ing. Spinners and manufaoturers are fully aware 
of the advantages peculiar to this system of con- 
centration, so much so, that out of what would 
formerly have been considered a mere fractional 
saving, large profits and large fortunes are now 
made. In fact, the amalgamation of the different 
processes under one management and under one 
roof, gave rise to the shed system, where the 
operations of the manufacture of cotton are carried 
CD under what is called the "sawtooth" roof in 
order to bring the whole on the ground-floor 
under one inspection, 

1, Tfie Material of which Shafting is constructed. 
The selection of the material for shafting is of 
great importance, and the uses to which it is to hf 
applied require careful consideration. Formerlj 
wood, with iron hoops and gudgeons, was univer- 
sally employed ; then east-iron was introduced 
and subsequently wrought-iron has in most eases 
superseded both. Wood, indeed, has becomi) 
obsolete ; but castiron is as good as, if not superior 
to, wrought-iron, in certain cases. The main and 
vertical shafts of a mill are generally of cast-iron, 
both on account of its cheapness, and its high re- 
sistance to torsion. The vertical shafts, which 
convey the power from the first motion wheels to 
the different rooms of the mill, are more rigid 
and less subject to vibration when of cast-iron ; 
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even the main horizontal shafting, when of large 
dimensions, is, if substantially fixed, quite as good, 
when of the same material, and much cheaper 
thaa wrought-iroo. Where the shafl is exposed 
to impact, or any irregularity of force, wrought- 
iron has the superiority ; but in other cases, when 
the castings are sound and good, cast-iron may be 
employed with perfect safety. 

The dimensions required for a shaft, transmit- 
ting any given force, will depend on the resistance 
of the material of which it is composed. Conse- 
quently, the selection of material must be deter- 
mined by the necessity for strength. Shafts may 
be considered as subject to two forces ; a force 
producing simple flexure, arising from their own 
weight, the weight of the wheels and pulleys, and 
the strain of the belts ; and a twisting force or 
torsion, arising from the power transmitted. If 
the flexure be great, the brasses will be much 
worn, vibration becomes considerable, and the 
disintegration of the machinery goes on in an 
accelerating ratio ; it is therefore necessary to pro- 
portion shafting to the simple weight and direct 
transverse strain it has to sustain, so as to reduce 
the flexure within exceedingly narrow limits. 
In addition to this, the shafting, having to trans- 
mit a torsive force, must at least be capable of 
transmitting it without danger of rupture. In 
long and light shafting the tendency to flexure is 
usually greater than that to rupture by torsion ; 
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the former consideration will therefore determine 
the size of the shaft. In short axles, etc., the dan- 
ger from flexure almost disappears, and the 
strength of the shaft is determined by its resist- 
ance to torsion only. In all cases both conditions 
muat be complied with, if security and permanence 
are to be obtained. 

2. Transverse Strain, 

Resistance to rupture. The general formula for 

resistance to rupture, in the case of a bar or beam 

supported at each end and loaded in the centre, is 

w="4-'...ci), 

where w is the load in the centre, a the area of a 
section of the bar, perpendicular to the length ; d 
the depth of the bar, and I its length. In this 
case c is derived from experiment, and is constant 
for similar bars or beams. 

For rectangular bars this formula becomes, 

w=-p ...(2). 

where b is the breadth and d the depth. 

The value of c, for rectangular bars found by 
Mr. Barlow, for various materials, is given in the 
following table. In applying these numbers to 
calculations, it must be remembered that a and d 
are to be taken in inches, and I in feet ; then c 
the centre breaking-weight, id foucd in lbs. 
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"When the beam is sapported at one end and 

loaded at the other, the formula is 

chd' 
w = ^...(3). 

Value of c for different Materials. 

lbs. 

English Malleable Iron 2050 

Castlrou 2548 

Oak 400 

Canadian Oak 583 

Ash 675 

Fitch Pine 544 

Bed Fine 447 

Biga Fir 376 

Mar Forest Fir 4i5 

. Larch 280 

In my own experiments* I found the value of 
e for cast-iron to range from 1606 to 2615, the 
mean value being about 2050, as given above for 
malleable iron. Wrought-iron ranges from the 
value given above to 3000 lbs. 

Eor cylindrical shafts supported horizoEtally 

the ultimate resistance to rupture is alDout 

15000 1^", , . 

w ^= - — j for wrought-iron, 

19000 <f' 
= -j lor cast-iron, 

where w is the centre- breaking weiglit in lbs., d 

* On the Application of Cast and Wroright-Iron to Building 
Purposes, p. 74, et seq. 
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the diameter, and I the length between eupports 

in inches, the shaft being supported at the ends 

and loaded in the middle. 

If the cylindrical shaft he loaded at one end 

and supported at the other, these formuite become 

7500 (f ■ 
w ^ j~— for wrought-iron, 

9500 rf' , 
^ for east-iron. 

If a beam be uniformly loaded over its entire 
length it will sustain twice the load that would 
break it if placed at the centre. 

If the load he placed at any point intermediate 
between the centre and the ends, the breaking 
weight may be found by the following rule : — 
Divide four times the product of the distance in 
feet, of tJie weight from each bearing, by the 
whole distance in feet, and the quotient may be 
substituted for I in the formulse above. That is, 
if X and y be its distances in feet from the two 
bearings respectively ; 

4:xy 

From these rules the strength of shafts may be 
calculated, in all the cases of ordinary practice, 
where the tendency to transverse fracture has to 
be guarded against, making the actual strength at 
least five to ten times the strain to be carried. 
In shafting, however, it is not usually the trans- 
16 
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verse rupture, but tbe flexure produced by lateral 
stress, which limits the size of the shaft ; — stiffness 
in fact becomes, in these cases, a more important 
element than strength. 

The following formula has been given for the 
Jefiection of bars or beams loaded at the centre 
and supported at the ends: — 
Let, d be the i3epth in inches ; 
h the breadth in inches ; 
L the length between supports in feet ; 
W the load in lbs. ; 

8 the deflection at the centre in inches j 
M the modulus of elasticity ; 

1432 L'w ,^. 

MS '^ M* 

Or, in words, multiply the product of the load 
in lbs., and the cube of the length in feet, by 432, 
and divide by the product of the modulus of elas- 
ticity and the deflection assumed in inches ; the 
fourth root of the qtiotient will be the side of a 
shaft or square section which would deflect s 
inches with a weight of w lbs. placed at its 
centre.* 

* Eagineer and Mackinht't Anhtant, p. IS.'i, from which 
foriaalffl (4), (5), (6), to (11), and (23), in their present 
convetiieDt form for practical use, have been quoted. The 
fnndamental formnlti, howeTer, is dne to Yoaog (^Nat. 
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The following table gives tbe values of the 
modulus of elasticity for various materials : — 

Cast-iron 13,000,000 to 22,907.000 

" mean 17,000,000 

Malleable iron. . .24,000,000 to 29,000,000 

Steel 29,000,000 to 42,000,000 

Brass 8,930,000 

Tin 4,608,000 

Aeh 1,600,000 

Beech 1,353,600 

Red pine, mean 1,700,000 

Spruce, mean 1,600,000 

Larch 900,000 to 1,360,000 

English oak 1,200,000 to 1,150,000 

American oak 2,150,000 

For a cylindrical shaft, the same formula will 
apply with another constant, I am not aware 
that this has been experimentally ascertained, hut 
it has been given approximately as 734. Ilence, 
for cylindrical shafts, 

= ^-?^^or<;=if!M^ (5). 

MS ^ «A ^ ■' 



<?* = 



In the work just quoted, these formulae have 
been simplified, by fixing a maximum value for !, 
the deflection. The wriier assumes that, with 
shafting, the deflection o\ight never to exceed j J^ 
of an inch for every foot length of the shaft. 
Substituting this value, and also the numerical 

I^iloi., vol. il., art. 328), and to Tredgold (SUengtli of Cast. 
Iran, p. 208). 
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value of the modulus of elasticity, lie obtains the 
following formulse : — 

1. For woodj—takmg M generally ^ 1,500,000, 



Then, for square shafts, d being the depth of 
the side of the square^ 

^=ijf...(e, 

And for round shafts, d being the diameter in 
inches — 

. = 4f...(r,. 

2. For cdsi-jVon— taking m = 18,000,000 lbs. 
and L aa before — ■ 

For square section, d' ^= .... - .-■ (8). 



240 

3. For wrought-iron—takiug m = 24,500,000 
lbs. and * as before — 



567 



..(10). 



For round section, d" = „„ : - .•-(11). 

By transposition, the formulae given abova 
become, — 



,1 Google 



STBENGTH AND PROPORTIONS OF SHAFTS. 185 

For mood — 

Square section, l = }^— ... (12). 
^ w 

Z5d' 

Round section, l = J^-^ ... (13). 

^ -w 

For cast-iron — 

Square section, L = J^^' ■■■ (15). 
w 

412 (/' 





- ..^(V 


Kound section, L-J^"'''. 


..(17). 


w ^*"'. 


..(18). 


wrmghs iron— 




Squaresection, l-J?''^''', 


,..(19), 


— 'T' 


,..(20). 


BomdBection,L = J??M'. 


..(21). 


334 <i' 





..(22). 
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When the weight is uniformly distributed over 
the length of the shaft, the general formula is 

MS ^ Mi 

Substituting ia this equation the same values 
of M and * as before, we obtain the following for- 
mulfe : — 

-^ for square shafla. 



; for square shafts. 



For wrought-it 



= ^jyj- for square shafts. 



l'w 



for round shafts. 



521 

The following tables for cast and wrought-irou 
round shaiUng, are calculated from the formulBB 
(9) and (11) for weights placed at the centre of a 
shail supported at each end. In using them for 
eases in which the weight is distributed along its 
length, as ia the case of the weight of the shaft 
itself, it must be remembered that a distributed 
weight produces |ths of the deflection of the same 
weight placed at the centre. 
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From the foregoing it will be seen, that the 
weights given in the tables are correct indioationa 
of the load rei^uired in the centre to produce a. 
deflection of the jVoo of the length of the shaft* 
This fraction is not however the universal stand- 
ard among millwrights; on the contrary, there 
appears to be no recognized standard in practice, 
by which the deflection from a given weight can 
be ascertained, and although js'im may, in many 
eases, give a larger area with increased weight, iu 
shafts that are not heavily loaded in the middle, 
nevertheless it is important that the shafts, when 
loaded as above, should not bend more than jjVn 
of their length. In eases where the load is light 
and equally distributed, lighter and smaller shafts 
would suffice. 

The following tables give the deflection of 
cylindrical shafts with their own weight : — 

Weight of thr 
Shafts. 
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■ This standard is the one aesamed by Tredgold (Stceagth 
of Cast- Iron, p. 310). 
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TiBI.B 4~DEFT.KCriON ARISING FROM THE WbIOHT O 
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The above tables clearly indicate the deflection 
of shafts of di&'erent lengihs by their own weight, 
and will be a guide to the millwright in calculat- 
ing the distance of the bearings between which 
they revolve. It is important in shafting, when 
extended in long ranges, that there should not be 
any serious deflection, either from the weight of 
the shaft, or lateral stress; I have always found 
that a stiff shaft, although heavier in itself, is 
lighter to retain in motion than a smaller one 
which bends to the strain, 

3. Torsion, 
In addition to the lateral flexure from trans- 
verse forces, shafting is subjected to a wrenching 
or twisting, from the power transmitted acting 
tangentially to its circumference. This causes 
oii6 end of the shaft to revolve in relation to the 
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Other end, through a smaller or greater angle; 
known as the angle of torsion, and if sufficient 
force be applied, thia angle increases till the 
resistancie of the material ia overcome, and the 
shaft gives way. 

Coulomb laid the basis of our knowledge of the 
resistance to torsion of cylindrical bodies, and he 
verified bis theoretical deductions by admirably- 
contrived experiments, on a small scale. He 
showed that in wires where the diameter is smalt 
in relation to the length, the angles of torsion 
are in proportion to the length, and reciprocally 
proportional to the moment of inertia of the base 
of the cylinder in relation to its centre. He also 
discovered that each wire acquired a permanently 
acceleration -varying torsion, according to the de- 
gree in which it departed from its primitive posi- 
tion, and that these permanent torsions have no 
fixed relation to the temporary torsions, coexist- 
ing with the application of the moving force. 
With the same wire he found the torsion to be in 
proportion to the force applied ; with the same 
length and force inversely as the fourth power oi 
the diatwter. 

These deductions are expressed by the follow- 
ing formula:— 

_ 2r wl 

* ~ « G *^ V 

where a is the angle of torsion, r the radius, and I 

the length of the wire, K the leverage at which 
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the weigbt w acta, and a the modulus of torsion 

for the material ; being about f ths of the modulus 
of elasticity. 

In 1829 a paper waa communicated to the 
Royal Society by Mr. Bevan, containing experi- 
mental determinations of the modulus of torsion 
for a large number of substances, of which the 
most important arc given below. 

Let i be the deflection of a prismatic shaft of a 
given length I when strained by a given force w 
in lbs., acting at right angles to the axes of the 
prism and at a leverage r ; let (^ be the side of the 
square section of the shaft, I, r, i, d being in inchs. 

""" d'T 
where t is the modulus of elasticity in the follow- 
ing table. 

If the transverse section of the prism be a 
parallelogram, let b be the breadth and d the 
depth, then Mr. Bevan gives the formula — 
(d + h)l,^w 
2bd'T 
If the torsion be required in degrees {i}, then let 
p = 57-29578, 

^ _; — — fuj. gqjjare shafts. 

For example, 

rlw 
A ^ o I nn.\ M ''o'" wrought-iron and steel, 
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A very careful experimental study of the eSect 
of torsion on various materials has been made hy 
Mr, M. G. Wertheim, and was presented to tha 
Acad^tnie des Sciences in 1855. The general re- 
sults at which he has arrived may be stated aa 
follows : — 

1. The total angle of torsion consists of two 
parts, of which one is purely temporary, whilst 
the other persists after the force has ceased to act. 
It is not possible to assign the limit at which the 
permanent torsion begins to be sensible, nor has 
it any fixed relation to the temporary torsion ; it 
augments at first very slowly, afterward more 
rapidly, till the bar breaks.* 

* We have many practical instances of this tendeney to 
ruptnre wliioh at first appear only temporary, but s, oon- 
tinuatioQ of the Hama action, particularly iu long ranges 
of shafts, in process of time, developes itself in the form of 
a permanent deterioration which ultimately leads to frao- 
turu. This iras strikiogly exemplltled in a range of shafts, 
220 feet long, tapering from Ihree inches diameter at ths 
driving end, to two inches diameter at the other. 

The work done by these shafts was uniform thronghout, 
but it was soon found that the shaft had made nearly 1'16 
revolutions at the driven end of the room, before it began 
to move at the other. The result was a continued series 
of jerks or accelerated and retarded motion, injurious ti> 
the machinery, and destructive to the work it had to per 
form. It was, moreover, injurious to the shafts, partion- 
larlj in the middle, where the twist was severely felt, and 

17 
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?4Bi.B 5.— Values 
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S^ 


Modului of 




MsteriBl. 


II 


(T)! " 












Ash 




20',300 




Beech 




21.243 




Elm 




13,500 




Scotch fir . 




13,700 




Hornbeam 




26,400 




Larch 


. -58 


18,967 




English oak 




20,000 




Memelpiue 




15,000 




American pine 




14,750 




Teak 




16,800 


Old and parti- 








ally decayed. 


Teak, African 




27,300 




Iron, English w 


ought — 


1,775,000 


(Mean.) 


Steel 




1,753,000 


(Mean.) 


Iron (cylindrica 


) • - 


1,910,000 








1,700,000 




;• (square) 


! — 


1,617.000 








1,667,000 








1,951,000 




Cast-iron . 




940,000 








963.000 








952,000 








951,600 


(Mean.) 


Bell metal' 


• — 


818,000 





2. The temporary angles are not rigorously pro- 
portional to the moments of the forces applied. 

3. The mean angles of torsion are not rigorously 
proportional to the length of the bar, increasing, 



voDld have led t 
that thej bad to 
nnga. 



e, bal from tha oiroumlitsDaa 
sed with a Etiffer and ettonger 
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although very slightly, io proportion to the length, 
as the bars are made shorter. 

4. The interior cavity of all hollow homogene- 
ous bodies diminish by torsion, and this diminu- 
tion is proportional to the length and to the square 
of the angle of torsion for unity of length. 

6. Eor cylindrical bodies Mr. Wertheim gives 
the following formulas : — 

Let v be the mean temporary, angle of torsion, 
for 

^ ^ 1 kilogramme, and 
^ = 1 metre; 
p = the sum* of the two weights producing 
torsion and constituting a couple in 
kilogrammes ; 
E = the leverage at which the weight p 

acts; 
I ^ length of the bar subject to torsion, in 

millimetres ; 
r = the exterior radius of the section of 

the bar, in Millimetres ; 
n^ the interior radius of hollow bars, in 

millimetres ; 
E = the modulus of elasticity of the mate- 
rial obtained from experiments on 
tension. 

* In Mr. Wertheim's experimentfl equal vaights, acting 
in opposite direatioos at Uie eame leverage, were liungone 
on each iide of the bar, subjected to torsion. 
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TLeQ for solid bars : — * 

16 180 BR I 

ip _-: r._._ 

3 n' E 1^ 
and for hollow cylinders 

. _ 16 180^ _l__ 

* ~ T • n' ■ E " r'—r* 

la the following experiments, p = 1 kilo 

gramme, R ^ 247'0 millimetres, I ^ 1000 milli 
metres. 

Resume of Experiments on Cvi.indebs of Circular 
Section. 







Radlua 


Coeffldent 


MettD angle of toieloa. 1 










1 


'■ 


city, E. 


By formulft. 


Bye*,>eri«,eat. 


Iron 


8'2'20 


n,805 


17 461 


17 521 


•i 


Iron 


5-501 




1 28 0-8 


1 26 31-3 


:h 


ijast steel 


5'05.^ 


19,542 


1 53 12-0 


I 51 13 '4 


4 


Copper , 


5-031 


9,395 


3 59 591 


3 54 6-0 


n 




3-535 




24 51 56-0 


24 15 34-1 


6 


Glass . 


3-4225 




28 18 2-0 


28 30 14-0 



The accordance, ia these tables, between the 
formula and the experiments is very satisfactory, 
especially considering that the value of e cannot 
be determined with perfect accuracy. The errors 
do not generally exceed s^th, and the observed 

• The abOTB forraaliB may be used with Englisli meas 
urns, B being taken from English tables, if p be given In 
lbs. and r, I, and k in inches. 
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angles are smaller than tboae found by calculation 
except in the ease of the cylinders 9, 53, and 54. 



BEao«£ o 


BxPBBrjfBNTS OK 

GrLlNI>BttS 


THE Torsion 
r CoppBB, 


OF Hollow 


53 
54 

55 

8 


If 




tromlenBfon 
(E). 


ADglsotbuldonpP). 


By formula 


Br sipsrimont 


11,525 
7,082 
5.047 
5,602 
45,605 
36,955 


10.021 
4,955 

30,315 
24,665 
2,478 
2,471 


10,917 
10,444 
10,276 
9.665 
9,855 
10,645 


17 30-2 

1 12 18-3 
4 9 4-0 

2 37 40-4 
6 11 10-3 

15 9 14-4 


20 06 

1 16 53'9 
4 6 54-7 

2 33 38'2 
6 53-8 

15 42 37-3 



For bars of elliptical section M. Wertheim haa 
deduced the formula 

___8_ 180 ^ l{(^,+cl) 
*~ 3 ' «' ■ E • (^<^ 
where c, and c, are the two setniaxes of the ellipse, 
the other letters remaining as before, 

Besdhb of E: 





lI.t«Ul. 


u,^^ 




M«j,M«lei*tor!iM(V). 


e, 


c, 


Bj-tonnnta. 


"'"•"■ 


i 


copjw....!! 






19,035 

am 


2 IS M'T 


ShSS 
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For bars of rectangular section the formula be- 
comes 

_180 1 pR J(^_+^ 
«' ■ 2 * E ■ a'b' 
But it is necessary to apply a coefficieiit of cor- 
rection c to the calculated angle such tbat if V be 
the calculated angle of torsion, and "Sr' the angle 

found by experiment, then c^= -— ^ . This coefB- 

cient varies with the ratio r of the sides of the bar. 

Thus when I ^ 500 millimetres, and the section 
was 36 milim^tres square. 



Value of coefficient 08971 0961 7 09520 09878 
It varies also with the ratio r and with the mo- 
ment of the couple p R. 

For the ultimate resistance of cylindrical shafts 
to rupture by torsion, Professor W. J. M. Rankine 
gives the following formula :* 

Let I denote the length in inches of the lever, 
such as a crank, at the end of which a wrenching 
or twisting force is applied to an axle. Let w be 
the working load in pounds, multiplied by a suit 

* Mannal of Applied Meohanlos, p, 355, Manual tt 
Steam Engine, p. 78. 



,1 Google 



STRfiNQTH AND PROPORTIONS OF SHAFTS 199 
able factor of safety (usually six) ; tlien 

W l^= M 

ia the wrencliiag moment in inch pounds. 
For a solid axle let h be its diameter ; then 

M=/^'aiidA=!l!lZ. 
5-1 ^ / 

For a hollow axle let ^, be the external, and h, 
the internal diameter in inches; then 

„ /(«-*; fh\ /, in 

6-1 4, ~ 51 ■ ^ ' hi] 



and A, -. , , ^. ,.„ . 



^1/(1 



The values of the modulus of wrenching / are— 
for cast-iron about 30000, 
for wrought-iron " 54000, 

and taking six as the factor of safety, if we put the 
working moment of torsion in the formulae instead 
of the wrenching moment, we may put instead of/ 
for cast iron 5000, 

for wrought iron 9000, 
Hence we get for w, the working stress, with 
solid shafts, 

5000 A' 

^'=-5Tr = 

9000A' 1765A'- 
= e.i 7 = — 7 — for wronght-iron..(3.) 

On this principle I have calculated the follow- 
ing tables (pages 200, 201,) giving the safe mo- 
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ment of torsion for eylindrieal cast and wrought- 
iron shafts, and also the working stress to which 
they may be subjected at the circumfereace of 
pulliea or wheels of various diameters. la cases 
where the horses' power transmitted by a shaft 
is given instead of the stress, the latter may be 
found by the table on page 172. 

The greatest angle of torsion, which it is safe to 
allow in a line of shafting, is determined by the 
extension of the material within the elastic limits. 
If Ts'ffo'''^ ^^ '•''^ length be assumed as the maxi- 
mum extension with the safe working load, then 
the shaft must be so proportioned that the angle 
of torsion is less than that given by the following 
formula : 

_ 2284 L 

*~iooorf "-^ -^ 

where l is the length of the shaft in feet, d its 
diameter in inches, and * the angle of torsion in 
degrees. 

It ia convenient to estimate the ultimate resist- 
ance of shafts to torsion, not only as a statical 
pressure acting at a leverage, but also in horses' 
power. Now the stress resulting from the trans- 
mission of power must evidently increase in pro- 
portion to the power, and decrease in proportion 
to the velocity. A shaft will transmit 100 horses' 
power at 80 revolutions a minute with no more 
Btress than it would transmit 50 horses' power at 



,1 Google 



STRENGTH AND PROPORTIONS OF SHAFTS. 203 

40 revolutions, or 26 horses' power at 20 revolu- 

tioua. Hence the torsion varies as -, where h ia 

the number of horses' power per minute, and B 
the number of revolutions per minute. 

Buchanan's rules for the power transmitted by 
shafls are: — * 

For fly-wheel shafts 



-:i{: 



; 400 } 

For shafts of water-wheel gearing and other 
heavy work, 

•>='■} li^M 

For shafts of ordinary mill gearing 

An ordinary allowance for wrought- iron 
shafting in practice is 

ii= !J { ; X 260 I ... (6.) 

From the foregoing observationa in regard to 
torsion, and the power of transmission of shafts 
at different velocities, it is a desideratum of much 
importance to the engineer, so to proportion shafts 
in relation to their lengths as well as velocities, 
as to be within the limits of sensible permanent 

* These rnles will be found in the second edition of Bn- 
ehftnan, at pages 32S, et seq. 
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torsion and flexure,* and at the same time to in- 
crease the speeds in a given ratio to the velocities 
of the machine and the nature of the work it has 
to execute. In the above disquisition we have 
only given the law and the safe measure of tor- 
sion as regards length and area, but much must 
still depend on the calculation and judgment of 
the millwright and engineer; in its application to 
the character of the work they have to perform, 
and the resistances they have to OTercome. 

From formula (5.) the following table (page 205) 
has been calculated, giving the diameter necessary 
to transmit from 1 to 150 horses' power at from 
10 to lOUO revolutions per minute, 

4, Yelocity of Shafts. 
As the quality of the material employed for 
the construction of shafts enters largely into the 
calculation of their strength, so also the velocity 
at which they revolve becomes an important 
element in the calculation of the work transmitted 
by them. In all cases where machinery has to 
be driven at a high speed, it is advantageous and 

* Although we speak of the limits of permanent torsion, 
we are not prepared to fis these limits, aa w« find that 
what prodttoes a permanent set in any material, however 
minate a fraction it may be, will, in process of time, if con- 
tinued, and often repeated, lead to fracture. This law ^P' 
plies to every deacriptioii of strain or material, and we 
may therefore consider that there are limits to endurance, 
int tli&t may be. 
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even essential to run the shafting at a proportion, 
ate velocity. If, for example, there are a series 
of machines running at five hundred revolutions 
per minute, it will be advisable to run the shafts 
at half that speed, by which means the following 
very important advantages will be gained. 

There will be a great saving in the weight of 
the shafts, for with a slow motion of fifty revolu- 
tions per minute, fully three times the weigbt 
would be necessary to transmit the same power. 
There would also be a saving in original cost in 
the power absorbed, and in maintenance. 

Shafts running at low velocities are cumber- 
some, heavy, and expensive to repair. They are 
costly in the first instance, and they block up the 
rooms of the mill with large drums and puUies, 
obstructing the light, which, in factories, is a con- 
sideration of very great importance. 

At the commencement of the present century, 
mills were geared with ponderous shafts, such 
as those just described. They were generally 
of cast-iron, square, and badly coupled, and the 
power required to keep them in motion was in 
some cases almost equal to that required by the 
machinery they had to drive. In the present 
improved system, with light shafts accurately 
fitted and running at high velocities, the work 
which previously was absorbed in transmission ia 
now conveyed to the machinery of the mill. 

T may safely ascribe my own success iu life 



,1 Google 



STRENGTH AND FR0P0RTI0N3 OF SHAFTS. 207 

and that of my friend and late partner, Mr. James 
Lillie, to the saving of power effected by increas- 
ing threefold the velocity of the shafting in mills 
more than forty years ago. The introduction of 
light iron shafting not only enahled the manufac- 
turer to effect a considerable saving in the origi- 
nal cost, but a still greater saving was effected in 
power, whilst it relieved the mills from the pon- 
derous wooden drums and heavy shafting then in 
use, and established an entirely new system of 
operations ia the machinery of transmission. 

5, Length of Journals.* 
Another consideration of considerable import- 
ance to the smooth aud safe working of shafting 
is the length of the journals. From a number of 
years' experience I have been led to believe, that 
with cast-iron, one and a half times the diameter 
of the shaft is the best proportion for the length 
of the bearing, and with wrought iron, one and 
three quarters the diameter. On the question of 
shafts revolving in the steps of plummer blocks 
and the proportions necessary to effect motion 
without danger of heating, it is essential (without 
entering largely into the laws of friction on bodies 

* Rules for the diametere of gudgeons or Journals for 
those cases in which thej are calculated independently of 
the diameter of the shaft, are given In Mills and Millwork, 
TOl. I. p. 116. 
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in contact) that we should ascertain from actual 
practice and long-tried experience the best form 
of journals of shafts adapted for that purpose. 
The lengths proportionate to the diameters have 
already been given, but we have yet to consider 
the dimensions of the journals of large shafts 
where they are small in comparison with the 
pressure or the weight they have to sustain. Let 
us, for example, take a fly-wheel shaft and the 
foot or toe of a line of vertical shaft extending to 
a height of six or seven stories in a mill filled 
with machinery, and we have the safe working 
pressure per square inch as indicated in the last 
column in the following table : — 



DfBcription of Shaft. 


1!. 
Ill 


ii 


I: 


u 


t wh haft wioiigin-iron 


''il 


1 


45 02* 


Jim 



From the above it will be seen that in fly-wheel 
shafts the pressure should never exceed 180 lbs. 
per square inch, and in that of the toes of vertical 
shafts 240 Ihs. per square inch. Even with this 
latter pressure it is dif&enlt to keep the shafts 
cool, and it requires the greatest possible eare to 
keep them free from dust or any minute particles 
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of sand or other sliarp substances getting into the 
Btepa. The feet of vertical shafts also require the 
very best quality of gun metal for the shaft to 
run in, and iine limpid oil for lubrication to pre- 
vent the toe from cutting. It is, moreover, neces- 
sary for the shaft to fit well on the bottom of the 
step, and not too tight on the sides, and to have a 
fine polish. 

Another point for 
consideration is the 
proper form of the 
journals of shafts, and 
that is, they should never have the journal turned 
or cut square down to the diameter, but hollowed 
in the form shown in the figure &t a. a a a. 
From a series of interesting experiments it has 
been shown that the square-cut shaft loses nearly 
one-fifth of its strength, and by simply curving 
out the shaft at the collars in the form described, 
the resistance to strain ia increased one-fifth or 
in that proportion, 

6. Friction. 
On the subject of friction much cannot be said. 
We may, however, adduce a few experiments 
from Morin and Eivi^re, which appear to bear out 
our previous experience of the length of journals. 
In the years 1831, 1832 and 1833, a very ex- 
tensive set of experiments were made at Metz by 
M. Morin, under the sanction of the French govern- 
19« 
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ment, to detennine, as nearly as possible, tLe laws 
of friction, and by which the following were fully 
established: — 

When no unguent is interposed, the friction of 
any two surfaces, whether of quiescence or of 
motion, is directly proportional to the force with 
which they are pressed perpendicularly together ; 
so that for any two given surfaces of contact there 
is a constant ratio of the friction to the perpen- 
dicular pressure of the one surface upon the other. 
Whilst this ratio is thus the same for the same sur- 
taeea of contact, it is different for different surfaces 
of contact. The particular value of it in respect 
to any two given surfaces of contact, is called the 
coefficient of friction in respect to those surfaces. 

When no unguent is interposed, the amount of 
the friction is, in every ease, wholly independent 
of the extent of the surfaces of contact ; so that 
the force with which two surfaces are pressed to- 
gether, being the same, their friction is the same, 
whatever be the extent of their surfaces of contact. 

That the friction of motion is wholly indepen- 
dent of the velocity of the motion. 

That where unguents are interposed, the coeffi- 
cient of friction depends upon the nature of the 
unguent, and upon the greater or less abundance 
of the supply. In respect to the supply of the 
unguent, there are two extreme cases, — that in 
which the surfaces of contact are but slightly 
rubbed with the unctuous matter, as, for instance, 
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with an oiled or greasy clotb, and that in whicli a 
continuous stratum of unguent remains continually 
interposed between the moving surfaces; and in 
this state the amount of friction is found to be de 
pendent rather upon the nature of the unguent 
than upon that of the surfaces of contact, M 
Morin found that with unguents (hog's lard and 
olive oil) interposed in a continuous stratum be- 
tween surfaces of wood on metal, wood on wood, 
and metal on metal, when in motion, have all of 
them very nearly the same coefficient of friction, 
being in all cases included between '07 and 'OS. 
The coefficient for the unguent tallow is the same, 
except in that of metals upon metals. This un- 
guent appears to be less suited for metallic surfaces 
than the others, and gives for the mean value of 
its coefficient under the same circumstances -lO. 
Hence it is evident that where the extent of the 
surface sustaining a given pressure is so great as 
to make the pressure leas than that which corres- 
ponds to a state of perfect separation, this greater 
extent of surface tends to increase the friction by 
reason of that adhesiveness of the unguent, depen- 
dent upon its greater or less viscosity, whose 
effect is proportional to the extent of the surfaces 
between which it is interposed. 

Mr. G. Eennie found, from a mean of experi- 
ments with different unguents on axles in motion, 
and under different pressures, that with the un- 
guent tallow, under a pressure of from 1 to 5 cwt., 
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the friction did not exceed gigth of the whole pres- 
sure ; when soft soap was applied it became ^^th ; 
and with the softer unguents applied, such aa oil, 
hog's lard, etc., the ratio of the friction to the 
pressure increased ; but with the harder unguents, 
as soft soap, tallow, and anti -attrition composition, 
the friction considerably diminished ; consequently 
to secure effective lubrication, the nature of the 
unguent must be accommodated to the pressure 
or weight tending to force the surfaces together. 
Table of Coefficients of Fbictios under Pbbssuees 





CoefflclenlBofrriclion. 














Wronghl-iron npon 










wmught-icou. 


"'""' '""'"''■™' 


coBl-iron. 


ca»i-iran. 


32-5 lbs. 


■140 


■174 


■166 


■157 


1-66 cwts. 


■250 


■275 


■300 


■225 


2-00 " 


■271 


■292 


■333 


■219 


2-33 " 


■285 


■321 


■340 


■214 


2-66 " 


■297 


■323 


■344 


■211 


3 00 " 


-312 


■333 


■347 


-215 


3'33 " 


■350 


■351 


■351 


■206 


3-66 " 


■376 


■353 


■353 


■205 


400 '■ 


■39a 


■365 


■354 


■208 


4'33 " 


■403 


■366 


■356 


■221 


4-66 " 


■409 


■366 


■357 


-223 


5'00 " 




■367 


■358 


■233 


5-33 " 




■367 


■359 


■234 


5-66 ■' 




■367 


■367 


■2.35 


6-00 " 




-376 


■403 


■233 


6'33 ■' 




■434 




■234 


6'66 " 








■235 


7-00 " 








■232 


:-33 " 
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■273 
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From a paper lately read at the Institution of 
Civil Engineers in London, on the comparative 
friction of steam engines of different modifications, 
it appears that, as respects the friction caused by 
the strain, if the beam engine be taken as the 
standard of comparison — 

The vibrating- engine has a gain of 1-1 per cenl. 

The direct engine with slides ... . " loss of 1'8 " 

Ditto with rollers " gain of 0'8 " 

Dilto with a parallel motion " gain of 1-3 " 

It also states, as an opinion, that excessive al- 
lowance for friction has hitherto been made in 
calculating the effective power of engines in gen- 
eral ; as it is found practically by experiments 
with the engines at the Blaekwall Eailway, and 
also with other engines, that where the pressure 
upon the piston is about 12 lbs, per square inch, 
the friction does not amount to more than 1 J lbs.; 
and also that by experiments with an indicator on 
an engine of 50 horse-power, at Truman, Hanbury 
and Co.'s brewery, the whole amount of friction 
did not exceed 5 horse-power, or -r'ath of the 
whole power of the engine. 

7. Luhricution. 

On this CLuestion it is necessary to observe that 

the durability of shafts, and their easy working, 

depends on the way in which they are lubricated, 

and the description of unguent used for that pur- 
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pose. We have already seen the difference which 
exists in the coefficient of friction from the use of 
different kinds of unguents, and we have now to 
consider what system of lubrication should be 
adopted to lessen the friction and maintain smooth 
surfaces on the journals of shafts. In large cot- 
ton mills I have known as much as ten to fifteen 
horses' power absorbed by a change in the qnality 
of the oil used for lubrication; and in cold 
weather, or when the temperature of the mill is 
much reduced (as is generally the case when 
standing over Sunday), the power rec[uired on a 
Monday morning is invariably greater than at 
any other time during the week. 

It is, therefore, necessary in most mills — parti- 
cularly those employed in textile manufacture — 
to retain a uniform temperature, and to employ 
the best quality of oil for lubricating the ma- 
chinery, as well as the shafts of the mill. 

The best lubricators are pure sperm and olive 
oils ; they should be clean and limpid, and spar- 
ingly applied, as it is a profligate waste of valua- 
ble material to pour, as is not unfrequently done, 
large quantities of oil on the bearings, nine-tenths 
of which run on to the floor, and cover the shafts 
and hangers with a coat of glutinous matter, that 
Boon hardens, and accumulates nothing but filth. 

This process of oiling shafts is generally left to 
the most negligent and most untidy person in tha 
establiahment ; and the result is, that every open- 
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ing for the oil to get to the bearings is plugged 
up, the brass steps are cut by abrasion, and the 
necks or journals of the shafts destroyed. In the 
best regukted establishments this is certainly not 
the case, as the greatest possible care is observed 
in selecting the best kinds of oil, and that used 
with attention to cleanliness and strict economy in 
its application. 

To save power and effect economy in the use of 
lubricants, several schemes have been adopted for 
attaining a continuous system of lubrication. 
None of them appears to answer so well as that 
which consists, of a small cistern, a, fig. 117, 
which contains a quantity 
of oil, and is fixed on the 
top of the plummer block. 
In the centre of the cistern 
is a tube, which stands a ' 
little above the level of the oil , and into this is 
inserted a woollen thread, with its end descending 
a short distance below the surface of the oil in 
the cistern; and when properly saturated, the oil 
rises by capillary attraction, and Hows gently, in 
very minute quantities, on to the neck of the 
shaft. From this description it will be seen that 
the quantity used can be regulated to the g 
nicety, and sufiicient to lubricate the 1 
without waste. Other plans have been devised 
for the same object, but none of them seems to 
answer so well as that just described. 
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CHAPTER IV. 



In every description of mill where the ma- 
iihinery is spread over a large area, and at a dis- 
tance from the moving power, it is necessary to 
have long lines of shafting, revolving at the re- 
quired velocity. Snch lines are seldom made in 
one piece ; short lengths must, therefore, be coup- 
led together, so as to form an unbroken line, ex- 
tending, in most cases, the whole length of the mill. 

When cast iron shafts were Eubstituted for 
wood, a square coupling-box, made in one piece, 
was generally used, so as to- slide over the two 
ends of the shafts, or in two pieces, bolted to- 
ts shown in figs. 118 and 119. 




In the former case the box was slipped on 
loose, and the adjustment was so imperfect that 
the shafts rose and fell in the box at every revolu- 
tion, destroying gradually any accuracy of fitting 
which, in the first instanee, had been attained. 
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After the square-box coupling came tlie claw, 
or two-pronged coupling, made in two part^ 
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wedged, but more frequently keyed on to the ends 
of the shafts, as shown in fig, 120. This was a 
great imf "le leverage of the bear- 




ing parts was greatly increased, and ( \e Aupling, 
in consequence, became more durabla 

A description of half-lap coupling W!l^ intro- 
duced by the late Mr. Hewes. It was formed by 
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the lapping over a part of the end of eacli shaft, 
which was cast square. A square box was also 
fitted over the two ends, so as to bind them to- 
gether, and three keys were inserted on the top 
side, as shown in fig. 121. The objections to this 
coupling were the difficulty of fitting and the 
loosening of the keys, which made a creaking 
noise with every revolution of the shaft. 

Another coupling, still in use, is the disc. It 
consists of two discs or flanches, one on the end 
of each shaft, bolted together by four bolts, aa 
shown in fig. 122. This coupling was superior to 
ail the preceding, when properly bored and 
turned, so as to have its faces accurately perpen- 
dicular to the shafting. 

The best coupling for general purposes, and 
the most accurate and durable, is the circular 
lialfdap coupling, introduced into my own works 
nearly forty years ago. It is perfectly round, and 
consists of two laps, turned to a gauge, and, when 
put together by a cutting machine, it forms a 
complete cylinder, as shown in fig. 123, A cylin- 
drical box is fitted over these, and fixed by a key, 
grooved half into the box and half into the shaft. 
The whole is then turned in the lathe to the same 
centres as the bearings of the shaft, and by this 
process a degree of accuracy is attained which 
cannot be surpassed, nor is any other coupling so 
neat and so well adapted for the transmission of 
power. 
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The proportions of this couphng are found by 
experiment to be — 

Twice the area of the shaft is the area of the 
coupling. 

The length of the lap is the diameter of the 
shaft. 

And the length of the box is twice the diameter 
of the shaft. 

These proportions have been found in practice 
to answer every purpose, both as regards strength 
and the wear and tear of the joints. 

There is another coupling which has come of 
late years extensively into use, namely, the cylin- 




drical coupling, with butt ends. It has the same 
proportions as the former, but not. so strong nor 
so durable as the half-lap coupling of the same 
dimensions, as the entire force of torsion is trana 
mitted through the key; but in cases when 
strength is not the chief object, it forma a cheaj 
and effective coupling. 
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8. Disengaging and re-engaging Gear. 

This is an important branch of mill-work, re- 
quiring careful consideration, and the utmost 
exactitude of construction when ponderous ma- 
chinery has to be started, without endangering tha 
shafts and wheels. This is moat strikingly exem- 
plified in the case of powder mills, where trains 
of edge stones are employed for grinding the gun- 
powder, and in rolling and callendering machinery 
which requires well litted friction-clutches to com- 
municate the motion by a slow and progressive 
acceleration from a state of rest to the required 
velocity. 

It used to be customary in cotton and silk mills 
to place disengaging clutches at the point of con- 
nection of the upright or driving shaft and tha 
main shafting in each room, so tliat, in case of ac- 
cident, a room full of machinevy could be thrown 
out of gear at once. Bat these provisions were 
found unsteady in practice, and rather tended to 
increase than to diminish the number of accidents, 
owing chiefly to the time lost in disengaging, and 
the breakages which occurred in attempting to 
place the machinery in gear again, when the en- 
gine was running at full speed. It has, conse- 
quently, been found safer to "have a permanent 
connection between the main lines of shafting 
throughout the mil!, and signals from each room 
into the engine-house, in case of accident. 

When the construction of mill gearing was less 
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t ttan it ia at present, the main shaft driving 
the machinery in a room was thrown otit of gear 
by a lever, which contained the steps, and sup- 
ported the end of the horizontal shaft and wheel. 




which geared into that on the upright shafl, as 
shown in fig. 126, with a rope at the end of the 
lever a to pall it out of gear. This mode of dis 
engaging wheels was very ineffective, as in many 
mills there are three bevel wheels gearing iot( 
that on the upright b, and it becomes complicated 
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and dangerous to have movable levera to eacb. 
To remedy these defects, standards or plummer- 
blocks, with a movable slide e, fig. 126, in which 
the end of the shaft revolved, was introduced. To 
the top of thia slide was attached a lever a, with a 
handle b, by which it could be drawn out of gear; 
and the link e, falling along with the lever, re- 




tained the shaft out of gear until the mill ' 



All these contrivances were, however, found in- 
operative on a large scale, as the shafts and wheels 
got out of order ; and it was ultimately found 
essentially necessary to make them stationary, by 
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screwing ttie pi ummor- block down to llic fmiiio 
which connects the sti&tta ami wheels. 

Several devices have been employed Ibr tho 
purpose of rapidly engaging and disengaging ma- 
chines from the driving sshaft. The best of all are 




tho fast and loose pulleys, with a travelling ati'ap. 
'riiiis, in fig. 127 a is the driving shaft, acting 
upon two. pulleys e and d, fixed on tlio driving 
apindle of the machine * ; one of them, d, is keyed 
fast, and the other runs loose. When the machine 
is at work the strap is on the fast pulley d, and 
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when it is ueccssiuy to stop, it h moved by a 
forked lever on to the loose pulley c, whicli re- 
volves with the strap without acting on the ma- 
chine. Tim machine is thrown into gear with 
equal ease by moving the strflp on to tlic fast pub 
ley cl. Onco on either of the pulleys, the simp is 
hold in position witlioat any danger of moving by 
the slight curvature of the pulley, as already ex- 
plained. The forked lever must act on that side 
of the strap which runs toward tlic pulleys, and 
not on that which leavca them. 

A second and equally effective process for start- 
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ing or stopping machinery is shown in fig. 128. 
A leather strap is hung loosely over the driving 
and driven pulleys a and h, so that, left to itself, 
the friction is not sufficient to eommunicate mo- 
tion to the pulley on the shaft i ; hut a tightening 
pulley fixed on a suitable lever e is forced against 
it by pulling the rope c, which bends the strap 
tightly upon the pulley h, and gives motion to the 
machine. This arrangement is in general use for 
sack teagles in corn mills, and for some other pur- 
poses. The same efi'ect is sometimes produced by 
the sack teagles being fixed on the lever, and, by 
raising one end, the strap is tightened, and the 
barrel which raises the load is caused to revolve. 




The clutch most in use for throwing into gear 
heavy callendering machines is a clip friction 
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hoop, which consiata of a aliiling box a, with two 
projecting borna on the driving shaft b. Theae 
horna, when slid forward by a lever j,workiiig 
in the groove c, come in contact with the friction 
hoop d, which embraces a groove in a second box, 
keyed upon the ahafl of the machine. The inatant 
the machine receives the shock of engagement, the 
clip d slides in its groove, until the friction over- 
comes the reaistance, and the callender attains the 
speed of the driving shafi. The object of the fric- 
tion clip is to reduce the ahock of throwing the 
clutch suddenly into gear, aa without this precau- 
tion any attempt to move instantaneously a pow- 
erful machine from a state of rest to a state of 
motion would break it in pieces. 

Friction cones are also much used for thia pur- 
pose, and when carefully executed with the proper 
angle are safer than the clutch just described. The 
objection to the friction clutch is, that the whole 
driving power is thrown on the clip at once; 
whereas, with the cones, the parts can be brought 
into contact with the greatest nicety, and the fric- 
tion regularly increased to any degree of pres- 
sure. Fig. 130 shows this description of disen- 
gaging gear ; a is the male sliding cone, worked 
by a lever in the usual way, b the female cone, 
keyed on the driven shaft, and the two surfaces, 
when brought into contact, communicate the re- 
quired motion with perfect safely. 

Machines driven by friction, and reciuiring to 
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be frequently stopped, are very numerous. Some 
of the lighter description are driven by a vertical 
shaft, 6, fig. 131, supporting a horizontal disc, 
j.i^ i3j_ which communicates 

motion to the wheel 
a, rolling on its sur- 
face, and gives the 
necessary motion to 
the machine. The 
advantage of this fric- 



^ 



tion-wheel is, that the velocity of the machine may 
be increased or diminished at pleasure by moving 
the wheel a nearer to or farther from the edge of 
the disc. 
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Fig. 132 is anotber combioatioii of discs suita- 
ble for couplings with only oae bearing. The 
disc b ia keyed on one shaft, and is recessed on 
the face, to receive the smaller disc, c; this disc is 
sunk flush with the face of the other, and is 
Bcrewed tightly up to it by means of the ring a, 




which is bolted to the disc b, and secures that 
marked c. Between the three plates, a, b and c, 
annular pieces of leather are interposed, which 
bring them all to a proper bearing. 

This combination, termed a friction coupling, is 
useful for preventing breakage of the connections 
in case of a sudden stoppage or reversal of the 
motion. It ia plain that the holding power of the 
coupling depends simply upon the lightness with 
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wbich the discs are screwed together, and the 
consequent frictional force of the surfaces of 
leather and metal. 

Besides these more permanent forma of coup- 
lings, there are other contrivances adopted when 
the object to be attained is the engagement and 
disengagement of certain parts of the machinery 
or gearing during the course of operations. 

With the same view of admitting of this dis- 
engagement of the connection, in cases of sudden 




stoppage or reversal, the coupling, fig, 133, is 
sometimes employed. 

In this instance, the shaft is supposed to be 
continuous, and the coupling may be termed a 
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disengaging coupling, a and h are tbe two parts 
of the coupling, fornieil on the acting faces into 
alternate projections and recesses, such that they 
correspond with and exactly fit into each other 
when in gear. The part a ia, in this example, 
cast on a spur or bevel wheel, from which the 
motion of the shaft is supposed to be taken off. 
Both of the parts a and S are, to a certain extent, 
loose on the shaft ; the former being capable of 
moving round on it, though deprived of longitu- 
dinal motion by washers and a collar, marked e, 
and the latter being free to slide on the shaft, 
though prevented from turning on it by a sunk 
key, which slides in a slot inside the clutch or 
sliding piece b. The mechanism is put into gear 
by means of the lever d, which terminates in a 
fork with cylindrical extremities c; and it is 
obvious that, by the contact of the flat faces of a, 
and b, the latter will immediately carry with it 
the other part at the same speed as the shaft. 
Supposing, now, that the motion of the wheel a 
is suddenly accelerated, the oblique faces of the 
couplings immediately fall out of contact, and 
slide free of each other, leaving the couplinga 
clear, and the shaft free to continue in motion. 

In the old form of this contrivance, known a.s 
the sliding bayonet clutch, the part b, instead of 
the toothlike projections on the face, had two or 
more prongs which laid hold of corresponding 
snugs cast on the face of the part a, which, more 
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over, was usually a broad belt pulley, introduced 
with a view to modify the shock on tbe gearing 
on throwing the clutch into action. 

In an older form still, the pulley was made to 
slide end long on the shaft. A form analogous to 
this was known as the "lock pulley," a few speci- 
mens of which still remain in the older factories. 
Instead of the end long motion common to tbe 
other modes, the parts were " locked " together by 
a bolt fixed upon the side of the pulley, and 
which, when shifted toward tbe axis, engaged 
with an arm of a cross, of which the part b, in 
the preceding figure, is the modern representative. 
The bolt was wrought by means of a key and 
stop, tbe turning of the key throwing back tbe 
bolt, and thereby unlocking and disengaging the 
pulley. The form of coupling represented by flg. 
1S3 is particularly applicable when the impelling 
power is derived from two sources — a circum- 
stance which frequently' occurs in localities afford 
ing water power to some extent, and yet not in 
sufficient abundance for the demands of the work. 
The deficiency is usually supplied by a steam-en- 
gine ; and the two powers are concentrated in the 
main line of shafting by a coupling of the kind 
depicted. In cases of this kind, the speed of the 
shafting being fixed, and the supply of water in- 
constant, the power of the water-wheel ought to 
be thrown upon the wheel a a, and that of the 
engine upon the shaft at another point. By this 
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arrangement, the speed of the line can be exactly 
regulated by working the engine to a greater or 
less power, according to the supply of water. 
The proper speed of the water-wheel will like- 
wise be maintained, which is of importance in 
economising the water power. 

" The same form of coupling is also used occa- 
sionally for engaging and disengaging portions of 
the machinery. But for this purpose the object 
is to obtain a mode of connection by which the 
motion may be commenced without shock; for, 
in consequence of the inertia of all material 
things — that is, the tendency which every portion 
of matter has, when at rest, to remain at rest, and 
when in motion, to continue to move — the parts 
of the mechanism, when acted upon too suddenly 
by a moving power, are liable to fracture and dis- 
arrangement. It is a law in mechanics that when 
a body is struck by another in motion some time 
elapses before it ia diffused from the point struck 
through the other parts; consequently, if the 
parts receiving the blow have not sufficient elasti- 
city and cohesive force to absorb the whole mo- 
mentum of the striking body till the motion be 
transmitted to the centre of rotation, fracture of 
the body struck must necessarily ensue. Hence, 
iu a system of mechanism, any parts intended to 
be acted upon suddenly by others in full motion 
ought not only to be strong, but they ought to be 
capable of yielding on the first impulse of the 
20* 
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impelling force with as little resistance as possible, 
and gradually bring the whole weight into motion. 
The common mode of driving by belts and pul- 
leys aecompliahea this object very satisfactorily. 
In this the elasticity of the belt comes into action 
and being thrown upon the pulley by the strap 
guide or fork, it continues to slip, till, by the fric- 
tion between the sliding surfaces, the belt g 
ually brings the quiescent pulley into full motion 
This mode of connection ia unexceptional when 
the power to be transferred is not great; but ita 
application to large machinery is attended with 
inconvenience." * 

In figs. 134 135, two other forms of clutches 
are .shown, as often used to connect the shafting 
of diftereni parts of the same mill, where it is not 
necessary to throw into or out of gear when run- 
ning at full speed. They consist of a fixed and 
sliding box, one on each shaft, with teeth or pro- 
jections which fit in corresponding notches. The 
sliding box has a groove turned in it, in which a 
forked lever works, as at a, fig. 134, and at a, fig. 
135, by which it is drawn backward or forward 
as the case may be. The peculiarity of the 
clutch, fig. 135, is that of the driving shaft, which, 
reversed by any accident in its motion, as is not 
unfrequently the case in starting and stopping 
the steam engine, the sliding clutch is forced back 

* Bzlraot from Engineer's and Machinist's Assistant, 
p. 144. 
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by the wedge-shaped faces of the projections, and 
tne macliiiiery thrown out of gear. 




Fig. 136 shows one of these clutuhes on a small 
scale, fixed on a line 
of shafting beneath 
the floor of a mill. 
It is placed between 
two standards a a, 
supporting the ends 
of the shaft, and the 
lever b working on 
a pivot at bottom, 
and having a pin 
working in the 
groove of the sliding 
clutch box, serves 
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for throwing the driven abaft into or out of gear 
whenever it may be necessary. 

Another ingenious contrivance, I believe in- 
vented by Mr, Bodiner, is shown in figs. 137 and 
188, It consists of a box a a running loosely on 
the driving shaft s s, but carrying the bevel wheel 
b b, which gears into another wheel on the driven 
Bhaft, not shown in the figures. Tightly keyed 




on, the driving shift s s la a boss c c with two 
trunnions on which "slide two friftion sectors & k; 
the outer 3urface is coated w ith a copper plate. 
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accurately fitting the interior surface of the run- 
ning box a a. The boss c c carries also four pro- 
jections eee e, which serve as guides for four 
screws, alternately left and right handed, and at- 
tached to the nuta// and levers g g ; these screws 
act on the extremities of the friction slides le h, so 
that when the lovers g g are drawn back they are 
both with equal pressure forced upon the inner 

Fig. 138. 




surface of the box a a. As the pressure can be 
very regularly and gradually brought on this box 
through the levers and screws, the motion of the 
driving shaft s s is communicated with perfect 
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regularity, aod without shock to the bevel wheel 
hb. 

In the above description I have given such ex- 
amples of engaging and disengaging gear as are 
most commonly in use. Others of a more com- 
plicated character might be cited, but they are 
not to be recommended as applicable in general 
practice. The last form, figs. 137 and 138, is, 
however, specially noticed as suitable for gun- 
powder mills, where the greatest possible freedom 
from shocks is essentially necessary. 

9. Bangers, Plummer-hhcka, etc., for carrying 
Shafting. 

Shafting is supported in three ways, viz., on 
foundation stones in the floor, beneath beams sus- 
pended from the ceiling, and to the waila of the 
milt. This necessitates as many different forms 
of framework, known as hangers, plummer-blocks, 
standards, etc. 

The simplest mode of supporting a range of 
light shafting is from the floor, and a pedestal 
suitable for this purpose is shown in fig. 139. It 
consists of a cast iron base plate and column, with 
deep wings a a cast on to strengthen it free from 
vibration. The upper portion is hollowed out to 
receive the lower brass step, and the cap carrying 
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the Upper step. When the entire pressure of the 
ahatting is cJownwards the upper brass bush is 
oiQitted, and the cap is cast hollow and kept full 
of grease, so as to secure the most perfect lubrica- 
tion of the joarnal of the shaft. 




,-^ 1 



fig. 140 showg a pedestal for bolting to a wall, 
the chief difference being that the cap is now fixed 
on its inner side by a wedge or cotter (c). In this 
figure a shell cap a is shown. If the pull is up 
wards, and two brasses be required, "lugs" have 
to be added to the extremity of the pedestal and 
cap for bolting the two together. 

There are various ways of suspending ranges 
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of shafting from the ceiling, according to the 
means which exist for their attachment. If wooden 
beams, as s, are present, the hanger has a large 
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plate (a), which bolts to the side of the beam, as 
shown in figs, 141, 142. The caps are fixed by a 
cotter, 88 in the previous case. 

Figs. 143, 144, show a front and side elevation 
of another form of hanger for attachment to wooden 
21 
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beams In tbia case there is provision for a second 
line of shafting at right ingles to ind receiving 
motion from, the primary line. For this purpose 
n, ,44_ a small plummer-block is 

bolted on to a recess at 
the side of the hanger. 
The thrust, owing to the 
pair of bevel wheelswhich 
would be placed near thia 
hanger, is no longer sim- 
||H| ply vertical, and hence 

ra^Bl^ ''^'^ brass steps are placed 

UHWr ^jj for the journal of the prin- 
'^^^m^ cipal shaft, with a bolt at 
|HH| d, fig. 143, in addition to 

ilHP the cotter, to keep the cap 

in its place. 
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Fig. 145 shows another form of light hanger 
80metime3 employed in weaving sheds, and also 
m use for supporting shafts in fire-proof mills, 



fi 



N 



i • 



being holted np to the 
under side of the cast- 
iron beams, as shown at 
fig. 147. 

Where greater strength 
and firmness are re- 
quired, especially in 
long hangers in which 
there is considerable 
leverage, the ar range - 
ment shown in figs. 146, 
147 is adopted ; the 



.-^^*i-._ .^A 
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hanger in this case is bolted to a east-iroa beam, 
and by an extension of the flange plate to the 
Brick arch, which springs from the beam T, it 
is firmly secured to both beam and floor. At e 
is a screw for tightening the upper brass step on 
the shaft. 




•^ _- Concrete "^^3 




i\ 



More complicated arrangements are sometimes 
necessary where two or three ranges of shafting 
have to be brought in connection with each other 
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by means of bevel or mitre wheels. Figs. 148 
and 149, show a front and side elevation of this 
arrangement, which may serve as a type for 
others. The hanger is attached to a cast-iron 




beam A, by hooked holts with nuts beneath the 
top plate, as shown at a a, care being taken in this 
atiachment not to weaken the flange of the iron 'beam 
by boring holes in it. Double brass steps are neces- 
sary in this case for the main line of shafting, and 
also for two smaller ranges at right angles to it, 
21* 
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whicli revolve in opposite directions, as shown at 
fig. 149. 

A very frec[iient case in practice is the connec- 
tion of two ranges of shafting, at right angles to 




each other, at the corner of a room. This is 
effected by letting into the corner of the building 
a cast-iron frame, commonly known as a wall-box, 
which serves as a foundation for the plummer- 
blocks carrying the shafting. Such an arrange- 
ment is shown in Jig. 150 in elevation, and in fig- 
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151 in plan. The box w, w, w, is built into the 
■wall, and bolted both to it and to the cast-iron 
beam h. It carries two pi urn me r- blocks on a 
plate firmly supported by brackets. The wall 









pieces in these two iigures are similar, but with a 
slightly different arrangement of the plummer- 
Wocks. 

Irrespective of the various forms of engaging 
and disengaging apparatus, it will be necessary to 
consider the position, form, and proportions of th». 
wheels and shafting required in mills where tht 
power is divided and widely distribuUd. Tc 
stow the enormous extent to which the coucen 
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tration of machinery in one building has beea 
carried-, I may mentiori that in mills of my own 
construction there liave been oo the average not 
less than 450 wheels and 7,000 feet of shafting in 
motion. In the large mills at Saltaire there are 
upwards of 600 wheels and 10,000 feet, or two 
miles, of shafting distiibuted ovei an area of 



r 




flooring equivalent to 12 acres. In corn mills 
and iron works, where the machinery is more 
closely connected with the prime mover, these 
considerations are of less importance ; but in fac- 
tories for the manufacture of textile fabrics the 
machinery covers a great extent of surface, and 
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the greatest care is necessary in giving due pro- 
portion to the transmissive machinery, in order to 
secure uniformity of motion at the remotest parta 
of the mill. 

In gearing a mill, the first consideration is the 
power of the engines, the position of the ma- 
chinery to be driven, and the strength, diameter, 
etc., of the first-motion shaft, and other requisitea 
for the transmission of motion in a well-geared 
mill. It is upwards of twenty years since the fly- 
wheel was converted into a first motion, and a 
new system of transmitting the power of the 
steam engines to the machinery of the mill intro- 
duced. Previous to that time it was eftected bj 
large spur-wbeels inside the mill, now it is taken 
direct from the circumference of the fly-wheel.* 
The advantage of this system was the abolishing 
of the cumbrou.s first- motion gearing; and the 
requisite velocity being already present in the fly- 
wheel, it was only necessary to cast it with teeth, 
and to take oft' the power by a suitable pinion at 
the level most convenient for the purposes of the 
mill. 

In another place 1 have given general rules for 
the pitch, breadth, and strength of the teeth of 
wheels. The Table (p- 250), computed from ex- 
amples which have occurred in my own practice, 

• Compare " Mills and Millwoik," Fart 1, Prime Movera, 
page 24S. 
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exhibits the best proportions of spur fly-wheela 
to secure durability of both wheel and pinion. 
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It will be observed that the diameters of the 
fly-wheels are not always proportionate to the 
power of the engines, nor yet to their respective 
-velooities. In practice, it is impossible to main- 
tain uniformity in this respect, as, in order to 
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meot all the requirements of manufacture, it ia 
necessary to deviate from fixed principles, and to 
approximate as near as circumstances will admit 
to the diameters, weights, and velocities of wheels, 
as may be found convenient to produce a maxi- 
mum effect. 

Of late years, the speed of the piston of factory- 
steam engines has been accelerated from 240 to 
300, and in some cases to 350 feet per minute. 
This united to the increased pressure of steam 
nearly doubles the power of the engines to what 
they were thirty years ago. The standard speed 
of a Bolton and Watt 1 feet stroke engine 
previous to that date, was seventeen and a half 
strokes per minute. 

In closing this section of practical construction, 
I may state that the couplings, engaging and dis- 
engaging gear, including the different forms of 
hangers, fixings, etc., are taken from my own 
designs, first introduced as a substitute for the 
cumbrous attachments that were in general use 
previous to the years 1820 and 1823. 

Having determined the diameter, speed, and 
strength of the fly-wheel, the next consideratioa 
is the material, diameter, etc., of the main shaft 
These are usually of cast-iron, and their diameters 
depending on the power transmitted through 
them, and the velocity at which they revolve, will 
be found by the tables and formula; already given 
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The distribution of the power is usually effected 
by a vertical shaft, extending from the bottom 
room, through the various floors of the mill, to 
the top story; the power being taken off at each 
6tage by a pair of bevel wheels. This arrange- 
ment, as shown in fig. 152, represents one engine- 
house with a section of part of one divisioa of 
the mills at Saltaire ; and this may be considered 
as a type of other mills adapted for spinning and 
similar purposes. 

It will be observed that there are four divisiona 
in the Saltaire mills — one for the preparatory 
process, one for the wool combing, another for 
the spinning, and a fourth for the weaving. All 
these are driven by four steam engines, each of 
100 nominal horses' power, but collectively dis- 
tributing a force through these different depart- 
ments of upwards of 1,250 horses. 

On referring to the drawings, figs, 152 and 
153, which represent a cross and longitudinal sec- 
tion of the mill, it will be seen that the vertical 
shaft AA, is driven direct from the fly-wheel by 
the horizontal siiaft B, giving motion to the ma- 
chinery in each room as it ascends. It is fixed 
on a solid pier of ashlar, as shown at fig. 154, 
page 257, and supported on strong oast-iron 
plates and bridgetrees, firndy secured by bolta to 
the foundations below. In each room it is se- 
curely fixed, by cast-iron frames and boxes, 
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forming a reee'^s tjr thp le\el \\heelb it to the 
wall which divides the engine h^u&e ind the 
rooms ^bo\e fram the mill This will la gene 
ralh mifle btiDiig ind thick iMth sufficient 
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weight to resist tlie action of the wheels prepared 
to drive the main hnes of horizontal shafts with a 
speed and force equivalent to the work done iu 
each room. In the case of the Saltaire mills this 
is considerable ; nearly 300 horses' power being 
distributed through the upright shaft alone, the 
remainder being carried off to the loom shed by 
a second wheel, working into the bevel wheel n, 
on the horizontal shaft B, but not shown in the 
drawing. It is important, in mills where power- 
ful steam engines are employed, that the founda- 
tions and 0xings to ■which the main shafts are 
attached are of the most substantial description, 
and the greatest precaution is necessary in order 
to secure them from vibration, and to render them 
perfectly rigid when the whole force of the 
engines is applied. 

In the Saltaire mills, as in many others for the 
manufacture of cotton, flax, and wool, the pre- 
paratory machinery, such as carding, combing, 
roving, etc., is generally driven by lines of hori- 
zontal shafts, or by a series of cross shafts, 
branching off at right angles from the main line 
extending down the centre of the room, as shown 
at c c in No. IL room, Nos. III. and IV. rooms 
are driven by the longitudinal shaft in No. TIL; 
and Nos. V, and VI, by the shaft in No. V. room. 
On this plan it will be noticed that the spinning 
machinery is driven by iron pulleys from the 
horizontal shafts, at a velocity of nearly 200 
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revolutions per minute, and tbe straps or belts 
from those pulleys are directed by means of guide 
pulleys to the machinery in both rooms. For 
this purpose, iron boxes are inserted into the 
arches supporting the floors, for the admission of 
the straps to the machinery in the upper floor. 

It will not be necessary to give the dimensions 
of the shafts in each room, as these details and 
calculations must be left to the judgment of the 
millwright, and the nature of the work they have 
to perform. Suffice it to observe, that the ver- 
tical shaft A is 10 inches diameter through the 
first two rooms, 8J inches through the third room, 
and 6J inches to the top; the velocity being 9i 
revolutions per minute. 

As respects the couplings for this shaft, we 
may refer the reader to the Table of Dimensions 
(page 109) made from couplings actually in use, 
and which have been found, by experiment, ser- 
viceable in every case where strength and dura 
bility are required. 

Great trouble is sometimes experienced with 
the foot of the vertical shaft, which, from ite 
weight and the great pressure upon it, has a ten- 
dency to heat, unless sufficient bearing-area ia 
allowed, and the parts kept thoroughly lubricated. 
The general arrangement of the footsteps and 
gearing in large mills is shown in iig. 154 ; s s ia 
the first-motion shaft, and t i the vertical shaft ; 
a a the bevel wheel on the formerj and b b the 
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bevel wheel on the latter; c a plummer-block for 
the first motion-shaft, and d d the box containing 
the braaa footstep for the vertical shaft; this box 
rests on a large base plate, bolted to the founda- 
tion stones and to the wall of the engine-house. 
In order to insure a constant supply of oil to the 
bearing, it is usual to cut away nearly the whole 
depth of the footstep, or that portion of the brass 
in the corner opposite to the thrust of the bevel 
wheels, aa shown in the plan, fig. 154 ; this cavity 
is then kept full of oil, and lubricates the abaft 
throughout at every revolution.* Again, in cot- 
ton, woolen, and flax mills, when the first motion 
and vertical shafts have been duly proportioned 
to the work they have to perform, it becomes ne- 
cessary to consider the diameter, speeds, etc., of 
the light shafting for driving the machinery in 
the different rooms. The formula given for 
strength, etc., in a former part of this work, will 
apply to this description of gearing and mill-work 
where the length does not exceed 120 feet. In 
long ranges of shafts, of from 150 to 200 feet in 
length, where the power applied to tlie machinery 
at the end of the room is considerable, it is essen- 
tially necessary to increase their strengths in order 
to prevent torsion or twist. This is a considera- 
tion of much importance, and requires careful 

* The reader may compare what is here said of footstepa 
with that in Mills and Millwork, Part I., pp. 1S3, 172, on 
the atepa for turbine eLafts. 
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attention, as long ranges of ligbt sbafta are very 
elastic — they, in some cases, effect nearly a com- 
plete revolution at the point of inaparted motion 
before tlie extreme ends begin to move. The 
result of the power so irregularly transmitted by 
the spring of the shafts, resolves itself into a series 
of accelerated and retarded motions through the 
whole line of shafts, and imparts to the machinery 
in one-half of the room a very variable motion. 
Want of stiffness is a great evil in long lines of 
shafting, and, as we have already observed, in 
stances are not wanting in ■which whole lines have 
been removed entirely from this cause. 

The transmission of power to machinery placed 
at different angles from the line of shafts, which 
is sometimes the case in old mills, has generally 
. by the universal joint A, fig. 155 




which works moderately well at an obtuse angle, 
but I have always found in my own practice that 
bevel wheels, as at B, fig. 156, are preferable and 
more satisfactory. They give much Icpe trouble, 
and work with greater ease, than ^he universal 
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joiat. Other examples miglit be given for the 
guidance of the practical millwright; but, having 
to discuss these points at greater length when we 
come to treat of the difierent kinds of mills and 
different methods of gearing, we must direct the 




reader to those portions of the work whiob eon- 
cern bis own immediate practice. 

The following table exhibits the diameter of 
shafts, length of journals, diameter and propor- 
tions of couplings, etc., derived from actual prac- 
tice, which may be useful to the less experienced 
millwright and engineer: 
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of Mines ; Certified Teacher of Science by the Department of 
Science and Art; Eiamine Cb m t y d Phy th 

Royal College of Preceptor dlt L 1 t,h m try 

and Physics of the Royal P lyt h I 1 1 t HI t t d 
■with numerous engraTings. I 1 I tn $10 

■pUlLOCK.— THE AMERICAN COTTAGE BUILDER 

A Series of Designs, Plans d Sj fit f m $ 00 t 

to ¥20,000 for Homes for lb I pi t g tb w th W 
ing. Ventilation, Drainage, P fg dLd pGd 
ing. By JonN ButtoOK, AhttCdEg Mb 

cian, end Editor of "The R dm t f 4 ht t i 

Building," etc. Illustrated by 5 gra g I 1 

8to. .... S3 5P 
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4 HENRY CARET BAIRD'S CATAL03TTB. 

pSLIOCE. — THE BUDmENTS OF ABCEIIECIUBE AUK 

^ BDILDIHG : 

For the use of Architects, Builders, Dranghtamen, Machin- 
ists, Engineers, and Mechanics. Edited by John Bullock, 
author of "The American Cottage Builder." Illustrated by 
250 engrayings. In one volume Svo. , , , $3 60 

•pUHGH.— PRACTICAL IILUSTEATIOHS OP LAND AKD KA- 

^ BINE E1TGI11E3 : 

Showing in detail the Modern Improvementa of High and Low 
Pressure, Surface Condensation, and Super-healing, together 
with Land and Marine Boilers. By N. P. BuEon, Engineer, 
nlostrated by twenty plates, double elephant folio, with text. 
$21 00 

■pUEGH.— PBACTICAI, BULE8 FOB THE FSOFOBTIOHS OF 

" HODEBB EBQIKES AHD BOILEBS FOB LAITS AlTD HA- 
BINE PDEPOSES. 
By N, P. BtrBOH, En^neer. 12mo.' .' . . $2 00 

gnEGH.— THE SLIDE-VALVE PBACTICALLT CONSIDEEED : 
By N. P. BoBQH, author of " A Treatise on Sugar Machinery," 
"Practical Illustrations of Land and Marine Engines," "A 
Pooket-Book of Praotical Rules for Designing Land and Ma- 
rine Engines, Boilers," etc. etc. etc. Completely illustrated. 
12mo. . . . ^.*'~~-r' ■ .** . . . $2 00 

■pYEK— THE COMPLETE PBACTICAL BBEWEB : 

Or, Plain, Accurate, and Thorough Instructions in the Art of 
Brewing Beer, Ale, Porter, including th« I^ooeas of making 
Bavarian Beer, all the Small Beers, such as Boot-beer, Ginger- 
pop, Saraaparilla-beer, Mead, Spruce beer, etc. etc. Adapted 
to (he use of Public Brewers and Private Families. By M , La 
Faykttk Btbn, M. D. With illustrations. 12[uo. $1 25 

-pTEII.— THE COUPLEIE PRACTICAL DISTILLER : 

Comprising the moat perfeot'and exact Theoretical and Prac- 
tical Description of the Art of Distiltatioa and KectificatJon; 
inclading all of the most recent improvements in distilling 
apparatus; instructions for preparing spirits from the nume- 
rous vegetables, fruits, etc. ; directions for the distillation and 
jireparatlun of all kinds of brandies and other spirits, spiritu- 
ous and other compounds, etc. eta. ; all of which is so simpli- 
fied that it is adapted not only to the use of e:stensive distil- 
lers, but for every farmer, or others who may wish to engage 
in the art of distilling By M. La FArETTK Btbb, M. D. 
With numerous engravings. In one volume, 12mo. $1 60 
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DYESE.— POCKET BOOK FOE BAILEOAD ABD CIVIL EHGl- 

" BEERS : 

Contaiiiiag New, Eiact, and CoQcise Methods for Laying out 
Railroad Carves, SwitcLes, Frog Angles and CroBSings; the 
Staking out of work; Levelling; Ihe Caloulatioa of Cut- 
tinge; Embanknients ; Earth-work, eto. By OLivEa Byrne. 
Illustrated, ISmo,, full bouud $1 75 



Bj Oliteh Bybnk. Illuslrttled by 135 Wood Bngraviugs. fivo. 
$5 01) 

TiTETIE.~~THE ESSEHTIAL ELEMENTS OF PRACTICAL HE- 

■" CHAHICS: 

For Engineering Students, based on the Principle of Work. 
Cj Oliveb Bybne. Illustrated by Sumeroua Wood Engrav- 
ings, :2ino , . . . . $3 63 

BYEKE.— THE PRACTICAL METAL-WORKER'S A8SISTABT: 
Comprising Metaiiurgio Cbemistrj; the Atta of Working all 
Metals and Alloys ; For^ng of Iron and Steel ; Hardening and 
Tempering; Melting aod Miiiog; Casting and Founding; 
Works in Sheet Metal; the Processea Dependent on Ihe 
Ductility of the Metals; Soldering; and the moat Improved 
Prooesses and Tools employed by Metal- Workers. With the 
Applicatioa of the Art of Electro-Metallurgy lo Manufactu- 
ring Processes; collected from Original Sources, and from the 
Works of Holtiapffel, Bergeron, Leupold, Plumier, Napier, and 
others. By Olives Btrne. A New, Bevised, and improved 
Edition, with Additions by John Scoffern, M. B , William Clay, 
Win. Fairbairn, F. R. S., aod James Napier. With Five Hun- 
dred and Ninety-two EngraTings ; liluetrating every Branch 
of the Subject. lu one volume, 8to. (352 pages , $7 00 

"DTBHE.— THE PRACTICAL MODEL CALCULATOB: 

For the Engineer, Mechanic, Manufacturer of Engine Work, 
Naval Architect, Miner, and Millwright. By Olivee BraNB. 
1 volume, 8to., nearly 600 pages $4 50 

■DEKROSE.— MAHTJAL OF WOOD 0AE7HTH : With Pmctlcnl 11- 

"^ lustcations for learners of the Art, and Original and Seleoted de- 
signs. By William Bemhose, Jr. With an Introduction by 
Llewellyn Jewitt, F. S. A., etc. With 128 Illustrations. 4to., 
cloth $3 00 
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■DAIRD.— PBOTECTIOH OF HOME LABOE AND HOBIE PEO- 
■" DTJCTIOHS HECESSAEY TO THE PEOSPEEITT OF THE 

AMEMCAW FARMEE: 

Bj Hesry Carey- Baikd. Sro., paper .... 10 

■pAIED.— THE EIGHTS OF AMEEICAH PEODTJCERS, AND THE 

^ WEORGS OF BEITISE FEEE TEADE EEVEJTDE EErOEM. 
Bj Hesbf Caebv BiiRD. (1870) .... 6 

-nAIBD.— SOKE OF THE FALLACIES OF BBITISH-FBEE-TEADE 
EEVEmrE-EEFOEM. 

Two LelWrs to Prof. A. L. Perry, of Williams College, Masa. Ey 
Hemkv Cakev Baibd. (1371.) Paper .... 6 

■pAIED.— STAHDABD WAGES COMPtTTIKG TABLES : 

^ An laiproveinent in oil former Methoib of Computation, no ar- 
ranged that Wttgea for days, Iiours, or fractions of tours, at a spe- 
oified ralB per d,ij or hour, maj be aseertained at a glanoe. By 
T. SpiiiaLBB Bairq. Oblong folio $5 «0 

■pAOEEHAK.— TEEATI5E OIT THE KETAILHEGT OF lEOIT. 

■" Illustrated. 12mo. *2 50 

•pICEiraXL'.S VILLAGE BDIIDEE. 

" 65 large platea. dto $10 00 

■DISHOP.— A HISTOEY OF AMEEICAIT HAHUrACTirEES : 

■^ Prom ISOa to 1E6S ; eiliibiting tlie Origin and Growth of the Prin- 
cipal Mechanic Arta and Manufacture?, from the Earliast Colonial 
Period to the Presant Time ; By J. LeAnder Bishop, M. D., En. 
W4RD ToDsa, and Ebwim T. Freeulev. Three vols. 8ro., half 
morocco ■ ■ - $13 00 

■pox.— A PSACTICAL TEEATISE OK HEAT A3 APPLIED TO 

■'-' THE USEFUL ABT8: 

For the use of Engineers, Architects, etc. By Thomas Bos, au- 
thor of " Practical ilydrauliea." Illustrated by 1* platea, oon- 
tainlng 114 flgurea. 12qio $4 25 

pABIlTET MAKEE S ALBUM OF FUEHITUEE r 
'-' C mpriamg a C llcction of Designs for the Newest and Most 
Ele aif Stile'i )f Firniturfl. Illustrated hy Forty-eight Larjje 
and Beautilully En^rated Plates. In one volume, oblong 

$5 00 
r(HAPHtAir.~A TREATISE ON HOPE-MAKING ; 

Ab practised in prirate and public Ropo-jards, with a Description 
of the Manufaoturs, Rules, Tahlea of Weights, eto., adapted to the 
Trade; Shipping, Mining, Pvailways, Builders, eio. By Robkrt 
ChapsAN. 2-tmo ; . . . $i 5(1 
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nENRY CAREY KAIKD'S CATALOGUE. T 

jIlAIK^THE FBACIICAl AUSUCAH KOILWIUGaT AND 
MIIXEE. 

Cotnptising tte Elementaiy Principles of MecianLos, Me- 
chanism, and Motive Foirer, Hjdraulies and Hydraulia 
Motors, Mill-dama, Saw Mills, Grist Mills, the Oat Meal Mill, 
tlie Barley Mill, Wool Carding, aud Cloth Fulling and Dress- 
ing, Wind Mills, Steam Power, &o. By David Craik, Mill- 
wright. Illustrated by numerous wood engravings, and fite 
folding plates. 1 toI. 8vo. . . . , $5 00 

pAMPIH.— A PEACnCAl TSEATISE OU MECHAHICAL EN- 

■^ GIHEEKING; 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, 
Workshop Maj\hinery, Mechanical Manipulation, Manufacture 
of Steam-eoginea, etc. etc. With an Appendix on the Aua- 
lysia of Iron and Iron Ores. By Fkakcis Campik, C. E. To 
which are added, ObservatioDB on the Construction of Stenia 
Eoilera, and Remarlia upon Furnaces used for Stoolie Preven- 
tion; with a Chapter on Eiplosioni. By E. Armatrong, C. E., 
and John Bourne. Eulea fur Caloulaling (he Change Wheels 
tor Screws on a Turning Lathe, and for a Wheel-oottlng 
Machine. By J. L* Nicca. Management of Steel, including 
Forging, Hardening, Tempering, Annealing, Shrinking, and 
Eipanaion. And the Case-hardening of Iron. By G. Ede. 
8vo. Illustrated with 29 plutea and 100 wood engravings. 

$0 00 

pAMPlS.— THE PSACTICE OP HAJTO-TDHNIHG 15 WOOD, 

^ IVOEY, SHELL, ETC, : 

Witli InstjTictions for Turning such works in Metal as may be 
required in the Practice of Turning Wood, Ivory, eta. Also, 
an Appendix on Ornamental Turning. By Fkanoih Campin , 
with Numerous Illustrations, 12mo,, cloth . . f 3 00 

rtflPaOK DE DOLE,— SUSS AUCl.—BITJES AHD CABMINE8 OF 

'-' INDIGO. 

A Practical Treatise on the Fabiiealion of every Commerciol 
Product derived from Indifco. By Feiiciis Capbon bk Dole 
Translated, with important additions, bj Professor H. Dub- 
iADcB. 12mo $2 50 
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piEEY.— THE W0BK3 OF HERBT C. CASEY; 

CONTRACTION OR EXPANSION? REPUDIATION OR RE- 
SDMPTION! Leltera to Hon. Hagh McCulloch. Svo. 83 

FINANCIAL CRISES, their CaueBS and Effects. 8yo. paper 

25 

HARMONY OF INTERESTS; Agricultural, Manufae luring, 

and Commercial. 8to., paper $1 00 

Do. do. cloth . . . $1 50 

LETTERS TO THE PRESIDENT OF THE UNITED STATES. 
Paper tl 00 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey's 
"PrincipleB of Social Science." By Kate McKeah. 1 toI. 
I2mo $2 25 

MISCELLANEOUS WORKS; comprising "Hanuoay of Inter- 
esta," "Money," "Letters to the Preaideot," "French and 
American Tariffs," "Finaocial Crises," "The Wa.j to Outdo 
England nithout Fighting Her," "Resources of the Union," 
"The Public Debt," "Contraction or Eipansion," " Review 
of the Decade 1857 — '07," " ReconstruotiOD," etc. etc. 1 toI. 
Svo., cloth $4 60 

MONEY: A LECTURE before the N. Y. Geographical and Sta- 
tistical Society. 8vo., paper . . 7 . . 25 

PAST, PRESENT, AND FUTURE. Svo. . . . $2 50 

PRINCIPLES OP SOCIAL SCIENCE. 3 volumes 8vo., cloth 
¥10 00 

REVIEW OP THE DECADE 1857— '67. 8to., paper 60 

RECONSTRDCTiON: INDUSTRIAL, FINANCIAL, AND PO- 
LITICAL. Letters to the Hod. Henry Wilson, U. S. S. Svo, 
paper . . 50 

THE PUBLIC DEBT, LOCAL AND NATIONAL. How to 
provide for its discharge while leaseEing the burden of Taxfli- 
tion. Letter to David A. Wells, Esq., U. S. Revenue Commis- 
eioD. Svo., paper 25 

THE RESOURCES OF THE UNION. A Lecture read, Dee. 
1865, before the American Geograpbioal and Statistical So- 
ciety, N. Y., and before the Americau Association for the Ad- 
■vaaoement of Social Science, Eostoo ... 50 

THE SLATE TRADE, DOMESTIC AND FOREIGN; Why it 
Exists, and Hon it may be Extinguished. 12mo., cloth $1 51) 
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LETTERS OS INTERNATIONAL COPYRIGIIT. { 16C7.) 

Paper 60 

REVIEW OF THE FARMERS' QUESTION. (1870.) Puper 25 

RESUMPTION! HOW IT MAY PROFITABLY BE BROUGHT 

AROUT. (1869.) 8vo., paper .... 50 

REVIEW OF THE REPORT OF HON. D. A. WELLS, Special 

Commissioner of the Kevenne. (1869.) 8co., paper 60 

SHALL WE HAVE PEACE E Peace Financial and Peaoe Poli- 

tioai. Letters to the President Elect. (1868.) 8vo., paper 60 

THE FINANCE MINISTER AND THE CURRENCY, AND 

THE PUBLIC DEBT. (1SG8.) 8vo-, paper . . 60 

THE WAY TO OUTDO ENGLAND WITHOUT FIGHTING 

HER. Letters to Hod. Soliujler Colfax. (1865.) Sto., paper 

$1 00 

WEALTH ! OP WHAT DOES IT CONSIST J {1870.) Paper 2 Q 

rjAUUB.— A TREATISE OK THE TEETH OF WHEELS : 

Demonstrating the best forms «hich cnn be given to them Tor ths 
purpoaeaofMachinerJ, such as Mill-work and Clook-work. Trans- 
lated from the French of M. CAMua. By Joan I. Hawkihs. 

Illugtrated by *0 plates. Sro $3 fiO 

^EGIBLATIOir. 

snce Association. By 

EcKLEV B. CoiH. Paper 20 

rjOLBITEK.— THE GAB-WORKS OF LONDON: 

Comprising a stetch of the Gas-norks of the city, Procesa of 
Manufacture, Quantity Produced, Cost, froSt, etc. By Zekah 

COLBUBB. 8vo., cloth 75 

pUBDEH.— THE LOCOMOTIVE EHGITTE: 

Including a Description of its Structure, Rules for Estimat- 
ing its Capabilities, and Practical ObserTations on ils Construc- 
tion and Management. By Zebab Colbubn. Illustrated. A 

nen edition. 12mo. $1 25 

pSLBUEN AND MAW.— THE WATEB-WORKS OF LONDON: 
Together with a Series of Articles on Tarious other Water- 
works. By Zerah Colbdhn and W. Maw. Reprinted from 
"Engineering." In one volume, 8yo. . $4 00 
■nlGHEREEOTYPIST AND PHOTO GBAPHEE'S COMPANION: 
■'-' 12mo., cloth $1 25 
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■niRCKS.— PEEPETUAL HOIIOIT : 

■^ Or Search for Self-Motive Power daring the 17tb, 18th, and 
10th centuries.' Illaatrat'ed from TariouBautheotio eouroeB in 
Papers, Essajs, Letters, Paragraphs, and numerons Patent 
Specifications, Tritli an Introductory Essay by Henht Dibcks, 
C. E. Illustrated by numerous engraiiugs of machines. 
12mo., cloth *3 50 



Or Tables for Finding the Diameter and Power of Cogwheels ; 
Diameter, Weight, and Power of Shafts ; Diameter and Strength 
of Bolts, etc. ete. By Thomas Dixon. 12mo., cloth, $1 50 

■nuHCAN.— paicncAL sheteyos-s guide: 

Containing the neeeasnry information to make any person, of 

common capacity, a finished land surveyor without the aid of 

a teacher. By Andbew Udncak. Illustrated. 12mo., cloth. 

$1 25 

TJUSSAPCE.— A MEW AHD COUFLETE TBEATISE ON THE 

■^ ARTS or TAHNING, CDEETIKG, AKD LEATHER DEESS- 

IHG: 

Comprising all the Discovferieo and Impruvementf made in 
France, Great Britain, and Itie United States. Edited from 
Notes and Documents of Messrs Sallerou, Gromelle, Duval, 
Deaaables, Labarraqne, Payen, Eenf, Do Fontenelle, Mala- 
peyre, etc. etc. By Prof. H. Dubsaooc, Chemist. lUuslraled 

by 212 wood engravings. 8vo $10 00 

TJDBSAUCE.— A GEHEEAL TREATISE ON THE MAHUTACTUEE 

:om prising I 

Materials and their Uses Direotiona for the EstabliEt 
Soap Factory -with the necessary Apparatns, Inatrnoti 
Mannfactnre ofevery variety of Soap, the Assay nod Det^ 
of the Valae of Alkalies Fatty SubstanLe- Soap", ela 
pROFESSOB n DcssiuCE Witii Dn Appendix conti 
tracts from the Eeporta of the International Jarv oo 
eihibited in the Pam Universal l!,vpo=ition lb6r, 
Tablcs,*ta etc lllQEtrote 1 by engraiiogs In (lie v. 
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nuSSAUCE.— A PBACTICAL GUIDE FOE THE PESFUME2! 
Being a Kew Treatise on PLrlumery the most favorable to the 
Beauty without being iiijunoua lo the Health, comprising a 
Description of the Bub»tinces uBed in Perfuiaery, the Form- 
nls of more than one thousand Preparations, snoh as Cosme- 
tioa. Perfumed Oils, Tooth Powdera, Waters, Eitmcta, Tinc- 
tures, Infusions, Tinaigres, EsicnKal Oils, Pastels, Creamfi, 
Soapa, and manynew Hygienic Produota not hithertodescribsJ. 
Edited from Hotes and Documents of Messrs. Debay, Luncl, 
etc. WlthadditionabyProfeaaorH. DussiucE, ChemLat. 12mo. 



Comprising tlie various methods, by the eIok and the quiclt pro- 
aesses, with Alcohol, Wine, Grain, Cider, and Molasses, as well 
as the Fabrication of Wood Vinegar, etc. By Prof. H. Duasinca. 
S3mo. iln press.) 
TVTJPLAIS^A COMPLETE TEEAnsE OS THE DISTHIATION 
^ AHD MABTTFACTDRE OF ALCOHOLIC IIQTTOES : 

From the French of M. DupiAia. Translated and Edited by M. 
McKehnie, M D. llluatrated by nnmeroua large plates and wood 
engravings of the best apparntna oolcnlnted for producing the 
finest products. In one vol, rojol Bvo. (Ready May 1, 1871. J 

C:^ This is a treatise of the highest seientiEo merit and of the 
greatest practical vatus, snrpassing in these respects, as well as 
in the raricty of its contents, any similar volume in the English 
language. 
rjE GRAFF,— THE GEOMETRICAL STAIS-BDILDEHS' GTTIDE: 
■" Being ft Plain Practical System of Hand-Bailing, Bmbraoing all 
its necessary Details, and Qeo metrically Illustrated by 22 Steel 
Engrttving.1 : together with the use of the most approved princi- 
ples of Practical Geometry, By Simon De GBiFP, Architect. 

4to $5 00 

TlTEE AMD COLOE-HAKEE'S COKPANIOH : 

Containing upwards of two buntired Reoeipts for making Co- 
lors, on the most approved principles, for all the Tarioua styles 
and fabrics now in exiatence ; with the Scouring Process, and 
piajn Directions for Preparing, Washing-off, and Finishing tho 
Gooda. In one toI. I2mo $1 25 
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■plSTON.— A PHACTICAl THEATISE OW STEEET OB HOEES- 

" POWEE SAIL WAYS : 

Tiieir Location, Construction, and Management ; -with General 
Plica and Eulea for their Organiiation and Operation ; toge- 
ther wilh Eiamlnatioas as to their ComparatiTe Advantagos 
over the Omnibus System, and Inquiries as to their Value for 
ItiTeBtment; including Copies of Municipal Ordinaneea relat- 
ing (hereto. By Alexakdke Eastom, C. E, Illustrated by 23 
plates,- 8vo., cloth $2 00 

*- AND OTHES MOKUMEHtS ; 

■a Designs. By Forsvtii. 



Inme, for the beontj and variety of il 


B designB, baa 


passed by any publication of the kin 


d, and should 


: of every marble-norker who does fin 


e monumental 



■pAlEBAlEH.— THE PEINCIPtES OF MECHANISM AHD HA- 

■*■ CHIHEEY OF TBASSKISSlOlS : 

Comprising the Principles of Mechanism, Wheels, and Pnlleys, 
Strength and Proportions of Shafts, Couplings of Shafts, and 
Engaging and Disengaging Gear. By William Faihbairn, 
Esq., C. E,, LL. D., P. R. S., P. G, S., Correeponding Member 
of the National Institute of France, and of the Royal Academy 
of Turin ; Chevalier of the Legion of Honor, etc. etc. Beau- 
tifully illustrated hy over 1,50 wood-cuts. In one volume 12mc. 
$2 50 

pAEEBAIElT.— PEIME-M0VEE3 : 

Comprising the Accumulation of Water-power; the Construo- 
tioQ of Water-wheels and Turbine?; the Properties of Steam; 
the Varieties of Steam-engines and Boilers and Wind-millB. 
By William Paibeairn, C. E , LL. li., F. R. S., F. Q. S. Au- 
thor of "Principles of Mechanism aud the Machinery of Trans- 
mission." With Numerous iUustratious. In one volume. (In 
press.) 

miBAET.— A PBACTICAL TREATISE OH BAHZIHG: 

" By James William Giieabt. To which ia added: Thk Na- 
TioNAt Bank Act as bow in poece. Sto. . . $4 50 



lEAEAM Gesnek, m! D., P. G. S. Sccond edition, revised 
enlarged. By Geohge Weltdes Ge?kee, Consnlting 
iBt and EiigiiieOT. Illustrated. Svii. , . f3 CO 
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HE^TKY CAKEY EAIRD'S CATALOGUE. 13 

n 07HIC ALBUM FOB CASIBET HAEEES ; 

Comprising a Collection of Deeigiis for Gothic Furniture. Il< 
lustrated by twenty-three large and beautifully engraved 
plates. Oblong $3 00 

aEAST.— BEET-EOOT SUGAIt AHD CUITIVATIOH OF THE 

BEETr 

By E. B. Gkaht. 12mo $1 2a 

naEOOaY.— MATHEMATICS FOR PSACTICAL MEN : 

Adapted to tlio Pursuits of Surveyors, AroliiWcta, MechanicB, 
and Civil Engineerg. By Ollktuus Gkeqoet. 8vo., plates, 
clotli $3 00 

naiSWOLB.— EAILEOAD EHOIHEEB'S POCKET COMPAJTION. 

^ CompriaiDg Rules for Cilculallng Deflection Distances and 
Angles, Tangential Distances and Angles, and all Necessary 
Tables fop Engineers; also the art of LeveUing f-.om Prelimi- 
nary Surrey to the Construction of Railroads, intended Ek- 
presaly for the Young Engineer, together with Kumerous Valu- 
able Rulea and Eiamples. By W. GmswoLO, 12nio,, tucka. 
«1 75 
.TIETTIEK.— METALLIC ALLOYS ; 

Being a rraotioal OuLde to their Chemical and Physical Pro- 
perties, their Preparation, Com position, and Dses. Translated 
from the French of A. Gbettjfb, Engineer and Director- of 
Founderies, author of " La Fnudcrie en France," etc. etc. By 
A. A. Fesguet, Chemist and Engineer. In one yolnme, 12rao. 



S' 
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Hatter. Illustrated by Drawings of Machinery, &o., 8vo. 

*1 25 

AT,— THE IKTEBIOB DECOBATOB r 
ThB Laws of Harmonious Coloring adapted to Interior Decora- 
tions: with a Practical Treatise on House-Painting. By D. 
R, Hay, House-Paialer and Decorator, Illustrated by a Dia- 
gram of the Primary, Secondary, and Tertiary Colora. 12mo. 
S2 25 



By Wm. Carter Hdg 
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TTDHI.— THE PEACIICE OF PHOTOOHAPHY. 

By RoHETiT Hunt, Vioe-rresklent of Ihe Photographic So 
London. With numerous illustrationa. 12ma., oloth . 



TTOKST.— A HATTD-LOOK FOa AECHITECTIIEAL SUETETOES: 
Comprising Fornmlte useful in Designing Builders' work, Table 
of WeightB, of the materials used.iii Building, Memoranda 
connected with Buildera' worlt, Meusuratioo, the Practice of 
Builders' Measurement, Contracts of Labor, Valuation of Pro- 
pertj, Summary of the Practice in. Dilapidation, etc. cto. By 
J. F. IlnaST, C.E. 2d edition, pooket-booi form, full bound 
$2 60 

piETIS.— BAILWAT PEOPEETY! 

A Treatise on the Constmotion and Management of Railways ; 
designed to afford useful knowledge, in the popular style, to the 
holders of this class of property; as well as Railway Mana- 
gers, Officers, and Agents. By John E. Jeetis, late Chief 
Engineer of the Hudson River Railroad, Croton Aqueduct, &o. 
One vol. 12mo., cloth. .... . $2 00 



Applicable to Steam Navigation and to other purposes. By 
Walter R. JonNsoN. With numerous illustrationa. 607 pp. 
8vo., half morocco ... ... $10 00 

rOHNSTOlT.— INSTBUCTIOKS FOR THE AFALTSIS OF SOILS, 



EEHE.— A HAITD-BOOK OF PEACTICAL GATTGING, 
For the Use of Beginners, to which is added a Chapter on Dis- 
tillation, describing the process in operation at the Custom 
House for ascertaining the strength of wines. By Janes B. 
Keenb, of H. M. Customs. 8yo. . . . $1 25 
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TTTHTISH^A TEIATISE OH i BOX OF IKSTBDMEKT3, 

And ihe Slide Rale ; with tlie Theory of Ttigonometrj nad Lo- 
garithms, ittoluding PmctJoiil Geometry, Survejiog, lileaaur- 
ing of Timber, CaSkRnd Malt Gauging, HeigMe, and Uistaiioes. 
B; Xbohas KSntish. In one lolume. 12mo. . . $1 25 



CrOBELt.— EENI,— MTirEEALOGT SMPLIFIED : 

A ehort method of Determining aud Classifjiog Minerala, by 
meana of simple Chemical Eiperiments in the Wet Way. 
TraQslated from the last Qermaa Edition of F. Von Kodeh, 
with an IntroduotioQ to Blowpipe Analysis and other addi- 
tions. By IIeHbi Ebsi, M. D., Chief Chemist, Department of 
Agriculture, aathor of "Coal Oil and Petroleum." In one 
Tolume. I2mo. ... . . $2 50 



TAITDKIIT.— A TREATISE OK STBEL: 

Comprising its Theory, Metallurgy, Properties, Practical Work- 
ing, and Use. By M. H. C. Lakdhik, Jr., Civil Engineer. 
Translated from the French, with Notes, by A. A. Fesqcet, 
Chemist and Engineer, With an Appendix on the Bessemer 
and ihe Martia Processes for Manufacturing S1«el, from tbe 
Beport of Aebam S. Hewitt, United States Commissioner to 
the Unirersal Expoaitioo, Taris, 1867. 12mo. . . $3 00 



A Concise Treatise on Brass Founding, Moulding, the Metals 
and their Alloys, etc.; to wbioh are added Recent Imprave- 
menta in the Manufacture of Iron, Steel by the Bessemer Pro- 
cess, etc. etc. By James Larkin, late Conductor of the Brass 
Foundry Department in Iteany, Ncafie & Co. 'a Penn Works, 
Philadelphia, Fifth edition, revised, with eitensive Addi- 
tions. In one Tolume, 12aio $:! 25 
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T EAVITT— FACTS ABODT PEAT AS AH ARTICLE OF FTIEIl 
V.'ith Remarks upon ila Origin and Composition, the LoeaUtieS 
in which it is found, the Methods of Preparation and Manu 
facture, and the varioua Usea to which it ia applicable; toge- 
ther iritb manj other matters of Practical and Scientific Inte- 
rest. To which ia added a chapter on the titiliiatioo of Coal 
Dust with Peat for the Production of an Escellent Fuel at 
Moderate Cost, especially adapted for Steam Service. Ej II. 
T. Leatitt. Third edition. ]2mo. . . . *1 75 

TEE3CX,— A PRACTICAL TaEATISB OK THE HUHITFAG- 

■»-' TDEE OF WOBSTEDS AND CASDES YABNS: 

Translated from ths Franch of CsiGLHa Lebohs, Meohanioal 
Engineer, and Superintendant of a Spinning Mill. By Dr II. 
Paine, and A. A, Fesuoet. Illnsttated by 12 large plates. In 
ono™lunie8vo (6 00 

TESLIE [MIBE).— COMPLETE COOE:EBT : 

Directions for Cookery in its Various Eranohea. By Miss 
Leslie. 60th edition. Thoroughly revised, with the addi- 
tion of New Receipts. In 1 vol. I2mo., cloth . . $150 



ololU $1 25 

TESLIE (MISS).— TWO HBSDitED RECEIPTS IH FEEWCH 
COOKERY. 

12mo 60 

TIEBEB.— ABSAYER'S GUIDE: 

Or, Practical Directions to Assayers, Miners, and Smeltera, for 
the Teats and Assays, by Heat and by Wet Processes, for the 
Ores of all the principal Metals, of Gold and Silver CoioB and 
Alloys, and of Coal, etc. By Oscar M. Liebeh. I2mo., cloth 
$1 25 



Oa the most approved English and French methods; being 
Practical Instructions in Dyeing Silks, Woollens, and Cottons, 
Feathers, Chips, Straw, etc.; Scouring and Cleaning Bed and 
Window Curtaina, Carpets, Rugs, etc.; French and English 
Cleaning, etc. By Thuhas Lovb. Second American Edition, to 
whieh ara added General Instructions for the Use of Aniline 
Colors. 8vo 5 00 
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-jUTAm AKD BSOWIT.— QUESTIONS OS SUBJECTS COmTECTED 

■'*'■ WITH THE MAEIHE STEAM-ESBIKE : 

And EsflminatioQ Papers ; with Hints for their Solution. By 
Thoii*3 J. Ms™, Profesaor of Mathemstioe, Royn.! Navol Oollegs, 
and Thomas Bbown, Chief Engineer, E, N. I2mo., cloth (1 51) 

TUTAIH AHD BEOWS.— THE IHDICATOE AHD DYHAMOMETEE! 

■'*'■ With their Priotical ApplioBtions to the S team-Engine, By 
Thomas J. Miis, M. A. P. R., AsiH Prof. Royal Nava! College, 
Portamouth, nnd Thomas Bbows, Ajsoo. Inst. C. E., Chief En- 
gineer, R. N., attached to the R. K. College. Dlustrated. From 
the Fourth London Edition. Svo. ... . $1 50 

TllTAIK AHD BEOWH.— THE UABIHE BTEAM-ENOrHE. 

^^ By Thomas J. MAiif. F. R. Ass't 8. Mathematical Professor at 
Royal Naval College, and Thomas Broh-n, Assoc. Inst. C. E. 
Chief Engineer. B. H. Attached to the Royal Naval College. 
Authors of " Questions Connected with the Marine &team-En- 

IKastrations, In one volume 8to $5 00 

IIJARTIS.— SCEEW-CUTTIHa TABLES, FOR THE USE OF ME- 

■"■^ CHANICAL EHGIHEEKS! 

Showing the Proper Arrangement of Wheels for Cutting fEe 
Threads of Screws of any required Pitch ; with a Table for 
Making the Cnivertal Oas-Pipe Thread and Taps. By W. A. 
Martin, Engineer. 8vo 50 

■SfflLES— A PLAIH TREATISE OB HOE SE- SHOE ISO. 

■"■^ With Illustrations. By William Miles, author of '■ The Horse's 
Foot" $1 00 

"M-OLESWOETH.— POCKET-BOOK OF USEFUL FOEMOLffi AND 

•""■ MEHOEANDA FOR CITIL ARD KECHAHICAL EN3INEEES. 
By Guilford L. Molesworth. Member of the Institution of 
Civil Engineers, Chief Resident Engineer of the Ceylon Railway. 
Second American from the Tenth London Edition. In one 
Tolume, full bound in pocket-hook form . . . . $3 00 

lyrOOEE.— THE INVENTOR'S GUIDE; 

■"■*■ Patent Office and Patent Laws : or, a Guide to Inventors, and n 
Book of Reference for Judgea, Lawyers, Magistrates, and others. 
ByJG. MoOHB. 12mo., cloth $125 

fTAPlEE,— A KAHUAL OF ELECTEO-METALLHEGT : 

Including the Application of the Art to Manufecluring Processes. 
By .Iahes Kapieb. Fourth American, from the Fourth LonJiin 
edition, revised and enlarged. Illastrated by engruvings. In 
on« volume, 8iio S2 00 
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■VTAPIEB.— A STSrEM OP CHEMISTET APPLIED TO DTE'.ITS : 

■^^ Bv JiMES Napieb, P, C. 8. A New aod Thoroushly Revised 
Edition, eomplelely brought ap to the present atata of tiio 
Beienee, inoloding the Chemistry of Coal Tat Colors. By A. A. 
Fesqfet, ■Chamist and Enginaar. With an Appendii on Dyaing 
and Calico Printing, na shown st the Paris Universal Eipofilion 
of 1887, from tha Reports of the Interaatioaol Jury, ato. lUua- 
trated. In one volume 8vo., 4DD pages . . . . $b 00 

JTEWSSB.Y — GOANISGS PBOM ORHAMEHTAL AET OF 

■" EVERY STYLE ; 

Drawn from Examples in the British, Sonth Kensington, Indian, 
Crystal Palace, and other Museums, the Eihibitions of 1851 and 
18B2, and tha bast English and Foreign works. In a series of one 

amples. By Kobebt Newbeki. 4to $15 00 

■JTICHOLSOB.— A MANUAL OF THE AET OF BOOK-BINDING: 

■^' Contttining fnll instructions In tha different Branches of Forward- 
ing, Gilding, and Finishing. AIeo, the Art of Marbling Book- 
edges and Paper. By JiMBsB. SiUHOLSOM. lUustroted. 12mo. 



Comprising the Proportions and Calculations for Constractisg 
Locomotives; Manner of Setting Valves; Tables of Sauares, 
Cabas, Areas, etc. etc. By Septimus Norbis, Civil and Me- 
chanical Engineer. New.edition. Illustrated, 12mo., cloth 

$2 00 

Tn-YSTEOm. — ON TECHNOLOGICAL EDUCATION AND THE 

■^' CONSTRUCTION OF SHIPS AND SCREW PBOPELLEES; 
For Naval and Marine Engineers. By Johb W. Nystbou, lat» 
Aating Chief Engineer U. S. N. Second edition, revised with 
additional matter. lUiutrated by seven engravings. 12mo. 

S2 50 

n'HEILL.— A DICTIONAEY OF DYEING AND CALICO PEINT- 

^ ING: 

Containing a brief aeoonnt of all tha Substances and Processes in 
use in the Art of Dyeing and Printing Testile Faljrios : with Prao- 
tioal BecalptB and Scientific Informfttioo. By CniKLBs O'Neill, 
Analytical Chemist ; FeUow of the Chemical Booiety of London ; 
Member of the Literary and Philosophioal Sooiety of Manehester; 
Author nfCheraistryofCiLlico Printing sndDyein-." Towbicb 
is udde'd An Bss:iy on Coal Tar Colors and their Application to 
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Djeing and Calico Priming. Ej A. A. Fesquet, Chemist and 
Engineer. V/ith aa Appeadi.T on Dyeing and Calico Printing, aa 
shown at the Exposition of 1S67. from the Reports of the Interna. 
tioHful Jury, etc. In one volume 8vo., ^fll pogea . . $5 00 

QSBOBIT.— THE KETALUJEGY OF TROTS AND BTEEL : 

^ Theoretical and Praetioal : In all its Branches ; With Special Re- 
ference to American Materials and Processes. Ky II. S. OaeoKS. 
LL. D., Professor of Mining and Metallurgy in Ljifayette College, 
Easton, Pa. Illustrated by 230 Engravings on Wood, and 6 
Tolding Plates. 8ro., 972 pages $10 00 

nSBOKH.— AHEEICAN MINES ASD HIBIKG : 

^ Theoretioally and Practically Considered. By Prof. H. S. Os- 
BORS, Illustrated by numerousengrnings. 8vo. (In preparation.) 

■p&lSTER, GIIDEB, AITD TABKISEEB'G COMPANIOIT : 
Containing 
Arts of Pai 

niimeroua useful and ralnable Keeeipts; Tests for the Detection 
of Adulterstians in Oils and Colors, and a statement of the Dis- 
eases and Accidents to Thioh Painters, GUders, and Varnishers 
are particularly liable, vith the simplest methods of PreTeution 
ond Remedy. With Directions tor Graining, Marhling, Sign Writ- 
ing, and Gilding on Glass, To whiob are added Complete In-sirco- 
TI0S3 FOR Coach PiiNTisa isi> Varnj.shino, I2mo., cloth, $1 50 

pALLEXT,— THE HILIEE'S, MILLWEIGHT'S, ASD EKGI- 

••■ BEEB'S GUIDE. 

By Uehby Pai-lett. Illastrated. In one vol. 12mo. . $3 00 

pEBSraS.— GAS AHD vehihation, 

■'■ Practical Treatise on Gas and Ventilation. With Special Relation 
to Illuminating, Heating, and CooHng by Gas. Including Scien- 
tific Helps to Engiiieer-stude'nts and otters. Wilh illnstrated 
Diagrams. By E. E. Perkins. 12mo., cloth . . . $1 25 

pEEKIHS AND STOWE— A NEW GTHDE TO THE 8HEET-IE3H 

^ AND BOIIEB PLATE BOIXEB ; 

Containing a Seriea of Tables showing the Weight of Slabs and 
Piles to Produce Boiler Plates, and of the Weight of Piles and the 
Siies of Bars to Produce Sheet-iron ; the Thickness of the Ear 
Gauge In Decimals ; the Weight per foot, and the Thickness on 
the Bar or Wire Gauge of the fractional parts of an inchi the 
Weight per sheet, and tllB Thickness on the Wire Gauge orShoet- 
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CJMITH.— PAEKS AHD PLEASURE GRODKDS : 
" Or, Praoiicttl Notea on Country Eesiilenses, Villna. 
and Gardena, By CniBLES H. J. Buith, Lands 
and Garden Architect, etc. eto. 12mo. . 



OTOKES.— CABIMET-MAKEB'S A:ID TJPHOLSTEBEB'S COMPA- 
" HION : 

Comprising the Rudiments anil PrmBlples of Cabinet- making and 
Tlpholaterj, with Familiar Instructions, lllnatrated by Eiaraples 
for Bttaining a Profidency in the Art of Drawing, aa applioahls 
to Cabinet-work ; Tha Processea of Veneering, Inlaying, and 
Buhl-work ; the Art of Djeilg and Staining "Wood, Bone, Tortoisa 
Shell, eto. Directions for Lackering, Japanning, and Varnishing r 
to make French Polish ; to prepare the Best Glues, Cements, and 
Compositions and a number of Receipts, particularly for worfemen 
generally By J S ee In one vol. I2mo. With illustrations 
fl 26 

qTSEVOTH AITQ OTHER PR07ERTIES OT HETALS. 

^^ Reports of Exp m t the Strength and other Prcperfica of 
Metals fo C W th Description of the Machines for Test- 
ing Metal a f th CI ifiaation of Cannon in service. By 
Offioera uf h O 1 D pj,rtmpnt V. B. Army. By authority 
of the Secretary of War. Illustrated by 25 large steel plates. In 
1 vol. quarto , $10 00 

qULLIVAH.— PROTECTION TO NATIVE INDrSTRT. 

'-' By Sir Edward Sui,i.iTiB, Baronet. (1870.) 8to. , $1 50 

rpABLES 8K0WIXG THE WEIGHT OF BOUFD, SQPAEE, AND 

■*■ FLAT BAR IRON, STEEL, ETC. 

By Measurement. Cloth 63 

rpAYLOE.— STATISTICS OF COAL: 

•^ Including Mineral Bituminous Suhatances employea in Art^ and 
Manufactures ; with their Geographical, Geological, and Commer- 
cial Distribution and amount of Production and Consumption on 
the American Continent. With Incidental Statistics of the Iron 
Manufacture. By E. C. Taylor. Second edition, reriaed by S.. 
S. nALDEMAH. Iliustratod by five Maps and many wood engrav- 
ings. Svc, oloth SB 00 

rpEMPLETON.— THE PRACTICAL EXAMINATOB OH STEAM 

-'■ AHD THE STEAM-ENGINE ; 

With Instructive References relative thereto, for the Use cf Bngi- 
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By MM. ElFFAULT, VERnsiun, and TorssiisT. Reyisea and 
Edited by M. F. Malepeybb and Dr. Emil "Wihcsleb. lUua- 
trated. In one vol. 8to. (In prcparatiti-n.) 

aHUirK.— A PHACtlCAX TSEATIBE OH BAIIWAT CORVES 
*^ AHD lOClTIOK, FOB YOHIie EITOIHEEES. 

By "Wb. F. Bhusk, Civil Engineer. 12mo., Inoka . . $2 00 

QMEATOH.— BDILDEE'S POCKET COMPAHIOBr 

*^ Containing the Element* of Building, SuiTeying, and Archilea 
tare; vithPraatioal Bulea and Instmotionaoonueotediirith the sub- 
ject. By A. C. SMEiTOH, Civil Engineer, eta. In one volume, 
12mo ■ . . Ef fiO 

OXITH.— THE BYEE'8 IHBTBrCTOB: 

" Comprising Practical Instrnotiona in tbe Art of Dyeing Silt, Cot- 
ton. Wool, and Worsted, and Woollen Goods : eontaining nearly 
800 Keoeipta. To which is added a Treatise on tbe Art of Pad- 
ding ; and the Printing of Bilk Warja, Sfcsins, and Handkerchiefs, 
and tbe variouB Mordants and Colors for the different styles of 
BHch work. By Divm Smia, Pattern Dyer, 12mD., cloth 

«3 00 

qil[ITH.-~TEE PBACTICAI DTEB'S QOIDE: 

^ Comprising Pt^otio^l Instructions in the Dyeingof Shot Cobourgs, 
Silk Striped Orleans, Colored Orleans from Elaak Warpa, ditto 
from White Warps, Colored Cobourgs from White Warps, Merinos, 
Tarns, Woollen Cloths, etc. Containing nearly'sOO Receipla, to 
moat of which a Dyed Pattern is anneied. Aleo, a Treatise on 
the Art of Padding. By Divic Smith. In one vol. 8vo. $25 00 

SHAW.— CIVIL AECHITECTBEEi 
Being a Complete Theoretical and Practical System of Building, 
containing the Fundamental Principles of the Art. By EpwdiiD 
Sniw, Architect, To which is added a Treatise on Gotbic Archi- 
tecture, *c. By Tbomas W. BiLLowiY and Gbohoe M. Hakd- 
IHO , Architects, The whole illustrnted by 102 quarto plates finely 
engraved on copper. Eleventh Edition. 4to. Cloth- $10 00 

SLOAS.—AUEBICAK HOUSES; 
A variety of Original Designs for Rural Buildings. Dlustral^dby 
20 colored Bngravinge, with Descriptive References. By Samcel 
Bloan, Architect, aathorof tbe "Model Arohitect," etc. etc. Svo. 
$2 50 
QCHmZ.— BESEAECHXS OX TEE ACTION OF THE BLABT. 
•* FBENACE. 

BjChas. i5cai.vi. Seven rlates. 12mo. , . . t4 SS 
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